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Background and purpose — Radiostereometric analysis (RSA) 
is an accurate method for measurement of early migration of 
implants. Since a relation has been shown between early migra-
tion and future loosening of total knee and hip prostheses, RSA 
plays an important role in the development and evaluation of 
prostheses. However, there have been few RSA studies of the 
upper limb, and the value of RSA of the upper limb is not yet 
clear. We therefore performed a systematic review to investigate 
the accuracy and precision of RSA of the upper limb.

Patients and methods — PRISMA guidelines were followed and 
the protocol for this review was published online at PROSPERO 
under registration number CRD42016042014. A systematic 
search of the literature was performed in the databases Embase, 
Medline, Cochrane, Web of Science, Scopus, Cinahl, and Google 
Scholar on April 25, 2015 based on the keywords radiostereomet-
ric analysis, shoulder prosthesis, elbow prosthesis, wrist prosthe-
sis, trapeziometacarpal joint prosthesis, humerus, ulna, radius, 
carpus. Articles concerning RSA for the analysis of early migra-
tion of prostheses of the upper limb were included. Quality assess-
ment was performed using the MINORS score, Downs and Black 
checklist, and the ISO RSA 

Results — 23 studies were included. Precision values were in 
the 0.06–0.88 mm and 0.05–10.7° range for the shoulder, the 0.05–
0.34 mm and 0.16–0.76° range for the elbow, and the 0.16–1.83 
mm and 11–124° range for the TMC joint. Accuracy data from 
marker- and model-based RSA were not reported in the studies 
included. 

Interpretation — RSA is a highly precise method for measure-
ment of early migration of orthopedic implants in the upper limb. 
However, the precision of rotation measurement is poor in some 
components. Challenges with RSA in the upper limb include 
the symmetrical shape of prostheses and the limited size of sur-

rounding bone, leading to over-projection of the markers by the 
prosthesis. We recommend higher adherence to RSA guidelines 
and encourage investigators to publish long-term follow-up RSA 
studies.

■

Total joint replacement for severe osteoarthritis (OA) of the 
shoulder, elbow, wrist, or trapeziometacarpal joint has become 
an accepted treatment option. Several implant systems have 
been developed with 10-year survival rates ranging between 
63% and 92% for shoulder arthroplasty (Singh et al. 2011, 
Gadea et al. 2012, Denard et al. 2013, Fevang et al. 2015, Ten 
Voorde et al. 2015, Swedish Shoulder Arthroplasty Registry 
2015), 64% and 91% for elbow arthroplasty (Dalemans et al. 
2013, Mansat et al. 2013, Plaschke et al. 2014,), 60% and 71% 
for wrist arthroplasty (Krukhaug et al. 2011, Ward et al. 2011), 
and 91% and 94% for replacement of the trapeziometacarpal 
(TMC) joint (Krukhaug et al. 2014, Martin-Ferrero 2014, 
Semere et al. 2015). These long-term survival rates are infe-
rior to those for total knee replacement (89–95%) and total 
hip replacement (96–100%) (Hallan et al. 2007, Gøthesen et 
al. 2013). Improvement of implant survival and of implant 
design in the upper limb is required, including assessment of 
the infl uence of implant modifi cations on survival. However, 
the numbers of upper limb implants are relatively low, and 
it can take 10 or even more years before signs of loosening 
become visible on standard radiographs. Radiostereometric 
analysis (RSA) enables accurate measurement of early migra-
tion within the fi rst postoperative year. For hip and knee pros-
theses, a relation between early migration measured with RSA 
and future aseptic loosening has been shown (Grewal et al. 
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1992, Kärrholm et al. 1994, Ryd et al. 1995, Pijls et al. 2012a, 
2012b). Thus, RSA plays an important role in the develop-
ment, introduction, and evaluation of new implant designs. 

Only a small number of RSA studies have been performed 
on the upper limb. Implants of the upper extremity are differ-
ent from knee and hip prostheses in their size, shape, and joint 
kinematics. It is therefore questionable whether the usefulness 
and precision of RSA of the upper extremity is comparable to 
that of the lower extremity. To investigate the accuracy and 
precision of RSA in the upper limb, we performed a system-
atic review of the literature.

Methods
Data Sources and search strategy
A research protocol for this review according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) (Moher et al. 2009) was published online at the 
PROSPERO international prospective register of systematic 
reviews (http://www.crd.york.ac.uk/prospero) under regis-
tration number CRD42016042014. A systematic literature 
search was performed in the electronic databases Embase, 
Medline (OvidSP), Cochrane, Web of Science, Scopus, Cinahl 
(EBSCO), and Google Scholar. The following keywords were 
used to build the literature search: radiostereometric analysis, 
shoulder prosthesis, elbow prosthesis, wrist prosthesis, trape-
ziometacarpal joint prosthesis, humerus, ulna, radius, carpus. 
The search was performed on April 25, 2015. Reference lists 
from included articles were screened to include relevant stud-
ies that were not directly found with the search. To avoid miss-
ing any literature that was published during the drafting of this 
review, the search was repeated in March 2016. 

Inclusion criteria and study selection
Studies were included if they described RSA of prostheses 
of the shoulder, elbow, wrist, and carpometacarpal joints. All 
types of study design, both prospective and retrospective, and 
data retrieved from clinical and experimental studies were 
included. Studies were excluded if they used RSA for pur-
poses other than measurement of migration of prostheses (e.g. 
joint kinematics, fracture stability, and skeletal growth). Only 
articles written in English were included. Selection of suitable 
studies was performed independently by 2 authors (BB and 
AB). Disagreements were solved by discussion, and a fi nal 
decision was made by a third reviewer (GK) if there was dis-
agreement.

Quality assessment
To assess the risk of bias, all articles were scored using 14 
criteria from the revised version of the MINORS score (Slim 
et al. 2003) and the Downs and Black checklist (Downs and 
Black 1998) (Table 1, see Supplementary data). For every cri-
terion that was met, 1 point was given. No points were given 

if the criterion was not met, or if the criterion was not appli-
cable. To assess RSA-specifi c quality, all studies were scored 
using 11 items from a standard protocol that was developed 
by the International Organization for Standardization and the 
European Standards Working Group on Joint Replacement 
Implants (ISO 16087:2013(E)). This protocol was developed 
to facilitate comparison between different centers, and recom-
mends inclusion of all these criteria when publishing RSA 
results. All the criteria can be found in Table 2 (see Supple-
mentary data).  The maximum score of the RSA-specifi c qual-
ity assessment was 20 points. 2 authors (BB and KK) assessed 
the quality independently. If consensus was not reached after 
discussion, a third reviewer (NM) was consulted. 

Data extraction
Data were extracted by 1 investigator (BB) and extraction 
was done using a predefi ned template including the following 
topics: (1) study information: authors and year of publication; 
(2) study design: type of study, population size, and follow-up; 
(3) the joint involved, and prostheses and components used; 
(4) RSA details: marker-based or model-based RSA, use of 
double examinations, translation data (mm) and rotation data 
(˚), and data on accuracy and precision.

Outcomes
Accuracy can be defi ned as the closeness of a true value to 
the most probable value originating from a series of measure-
ments (Sköldenberg and Odquist 2011). Thus, accuracy data 
were collected from studies that determined the accuracy by 
comparison with another method that calculates migration and 
that has a resolution substantially better than that of RSA. 

To investigate the precision of translation and rotation 
values, we included all results from double examinations in 
clinical RSA studies. The standard deviations (SDs) of the 
migration calculated using double examination was used to 
determine the precision, defi ned as 1.96 × SD. Precision was 
calculated separately for the shoulder, elbow, and TMC joint. 
If prosthesis components were analyzed separately, precision 
was calculated for each component. If precision was given for 
all 3 axes (the x-, y-, and z-axis), the lowest precision was used 
to calculate the mean precision. 

Results
Literature search
Our literature search resulted in 214 articles. After screening 
of titles and abstracts, 35 studies remained. Assessment of the 
full text resulted in 23 studies being included. Screening of 
references did not result in any additional inclusions. Repeat-
ing the literature search in March 2016 gave 3 additional 
studies (Ooms et al. 2015, Streit et al. 2015, Ten Brinke et al. 
2016) (Figure 1).

10855 ten Brinke D.indd   32110855 ten Brinke D.indd   321 4/8/2017   3:28:59 PM4/8/2017   3:28:59 PM



322 Acta Orthopaedica 2017; 88 (3): 320–325

Studies included
14 studies involved the shoulder (Jónsson et al. 1990, Nagels 
et al. 2002, Rahme et al. 2004, 2006, Nuttall et al. 2007, 2009, 
Rahme et al. 2009, Sköldenberg and Odquist 2011, Stilling et 
al. 2012, Szerlip et al. 2012, Nuttall et al. 2012, 2014, Mech-
lenburg et al. 2014, Streit et al. 2015), 4 studies involved the 
elbow (Valstar et al. 2002, Rahme et al. 2005, Van der Lugt et 
al. 2010, DeVos et al. 2014), and 5 studies involved the TMC 
joint (Hansen et al. 2010, Hansen et al. 2011, Hansen and 
Stilling 2013, Ooms et al. 2015, Ten Brinke et al. 2016). No 
articles concerning the radiocarpal, distal radioulnar, metacar-
pophalangeal, or interphalangeal joints were found (Table 3, 
see Supplementary data). 

Quality assessment
Assessment using the MINORS score and the Downs and 
Black checklist resulted in a mean quality score of 9 (3–14) 
points. 1 study (Rahme et al. 2009) had the maximum score of 
14, but 8 studies did not achieve more than half of the points 
(Table 1, see Supplementary data).

Regarding the RSA-specifi c quality assessment, the mean 
score was 12 (1–17) points on a scale from 0 to 20. None of 
the studies included met all the criteria. The extent to which 
the different ISO criteria were met in the RSA studies varied 
considerably. The cutoff level for the rigid body fi tting and 
accuracy data were given in 4 studies, while only 1 study pre-

sented the cutoff level for the condition number. Other crite-
ria such as follow-up intervals, details of software, translation 
data, and the method of determining the implant position were 
given in almost all the studies included. All the RSA-specifi c 
quality scores can be found in Table 2 (see Supplementary 
data). 

Accuracy
None of the studies included reported accuracy data from 
marker-based and model-based RSA. In 1 phantom experi-
ment by Sköldenberg and Odquist (2011), marker-free RSA 
was compared with standard (i.e. marker-based) RSA to deter-
mine the accuracy in a humeral head resurfacing prosthesis. 
Accuracy of translations of marker-free RSA varied between 
0.22 and 0.47 mm. Accuracy of rotations varied between 0.92° 
and 1.56° compared to marker-based RSA (Table 3, see Sup-
plementary data).

Precision
Shoulder – 8 shoulder studies reported precision values using 
double examinations in a clinical setting (5 glenoid compo-
nents, 3 humeral components) (Nagels et al. 2002, Rahme et 
al. 2004, 2006, Nuttall et al. 2007, Rahme et al. 2009, Still-
ing et al. 2012, Mechlenburg et al. 2014, Streit et al. 2015). 
Sköldenberg and Odquist (2011) described double exami-
nations, although not in a clinical setting but in saw bone 
models. 2 additional studies by Nuttall et al. (2009, 2012) 
reported precision values from a previous study by the same 
author (Nuttall et al. 2007), and they were not included in the 
precision analysis. The mean precision of the glenoid com-
ponent was 0.18 mm for translations and 0.96˚ for rotations. 
For the humeral component, mean precision was 0.61 mm for 
translations and 5.34˚ for rotations. 

Elbow – All 4 elbow studies gave precision values for the 
RSA technique. Van der Lugt et al. (2010) reported precision 
data from a previous study (Valstar et al. 2002) and was not 
included, so that 3 studies remained in the precision analy-
sis (1 humeral component, 1 ulnar component, and 1 both 
components). No double examinations were performed in 
the study by Valstar et al. (2002) since permission for double 
examinations was not given by the institution’s ethics commit-
tee. To calculate the precision in this study, the fi rst postop-
erative RSA radiograph was scanned and analyzed repeatedly. 
Despite the fact that no double examinations were performed, 
precision values from this study were included in our analysis.

The mean precision was 0.29 mm for translations of the 
humeral component and 0.66˚ for rotations. For the ulnar 
component, mean precision was 0.12 mm for translations and 
0.56˚ for rotations.

TMC joint – Precision analysis of the trapezium component 
of the TMC joint prosthesis using clinical double examina-
tions is described in 2 studies by Hansen et al. (2010, 2013). In 
the fi rst study (2010), 2 types of trapezium cups were analyzed 
using double examinations in both a phantom and a clinical 

Figure 1. PRISMA fl ow chart of study selection.

Studies found after literature search 
in electronic databases

n = 612

Studies after correction of duplicates
n = 214

Studies after screening of abstract
n = 35

Studies included after screening of
complete articles

n = 20

Included articles
n = 23

Excluded studies (n = 179):
– not concerning the upper limb, 87
– not concerning arthroplasty, 52
– not radiostereometry, 39
– not written in English, 1

Excluded studies (n = 15):
– not concerning the upper limb, 4
– not concerning arthroplasty, 3
– not radiostereometry, 2
– descriptive studies without data, 2
– full text not available, 4

Additional studies (n = 3):
– after reference screening, 0
– after repeated search March 2016, 3
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study. Only precision data obtained from clinical experiments 
were included in this review. The mean precision of transla-
tions in the trapezium component was 0.93 mm. Precision of 
rotation measurements could only be given in the fi rst study 
by Hansen et al. (2010), and varied between 43° and 124°. 

Clinical double examinations concerning the metacarpal 
stem were reported in 1 study (Hansen et al. 2010). Precision 
of translation measurements varied between 0.22 mm and 
0.50 mm. Precision values for rotations varied between 11° 
and 25°.

Discussion
Main results
The purpose of this systematic review was to evaluate the 
accuracy and precision of radiostereometric analysis of pros-
theses of the upper limb. We found that RSA is a highly pre-
cise technique for detection of early migration of orthopedic 
implants of the upper limb. The precision values of translation 
measurements were comparable with those from RSA of total 
hip and knee arthroplasties (Ryd 1986, Vrooman et al. 1998, 
Ryd et al. 2000, Valstar et al. 2000). On the whole, the preci-
sion of rotations was lower than that of translation measure-
ments. With regard to the shoulder, it is notable that the preci-
sion of rotations was lower in the humeral component than in 
the glenoid component. Studies on the humeral head resurfac-
ing prosthesis showed especially poor precision values (Still-
ing et al. 2012, Mechlenburg et al. 2014). This might be due 
to the symmetrical shape of the implant, which constitutes a 
challenge when calculating rotations. Other implant designs 
with a highly symmetrical shape such as the trapezium Elektra 
screw cup and all-polyethylene cup were also found to have 
poor precision values (Hansen et al. 2010). The small size of 
the surrounding bone, especially in the trapezium bone, and 
the small number of markers that can be inserted around the 
prosthesis might lead to over-projection of the prosthesis over 
the markers and to a lack of detectable markers (Ten Brinke 
et al. 2016). On the other hand, a cadaver study by Ooms et 
al. (2015) showed a higher precision than in clinical studies 
for both the trapezium and the metacarpal component of the 
TMC joint prosthesis. Although analysis can be performed 
in a more controlled environment in a cadaver study, these 
results indicate that migration measurement of the TMC joint 
prosthesis with higher precision should be possible. Thus, 
clinical research concerning the TMC joint should be done 
with a high degree of accuracy. RSA radiographs should be 
evaluated immediately, so that radiographs of higher quality 
can be taken at the same time if necessary. 

The accuracy of RSA in the upper limb has barely been 
described. On the other hand, the accuracy of the technique 
with total hip and knee prostheses has been studied more 
extensively (Hansson et al. 1978, Kärrholm 1989, Valstar et 
al. 2005). Since the RSA technique in the lower limb and the 

upper limb is similar, accuracy data from hip and knee RSA 
studies might be extrapolated to the upper limb. 

The predictive value of early migration for future loosening 
in upper limb arthroplasty did not fall within the scope of this 
review, since there are not enough data. The only scientifi c 
basis for the relation between early postoperative motion of 
the prosthesis and future outcomes is described in a study by 
Streit et al. (2015). The authors noted a correlation between 
higher migration in the fi rst 3 postoperative years and mean 
VAS pain scores. Furthermore, they found that radiolucencies 
were observed in approximately two-thirds of the prostheses 
in the high-motion group and in around one-fi fth in the low-
motion group. Although the role of radiolucent lines is still 
debated, the authors suggested the possibility of early micro-
motion where there are radiolucencies.

Quality of the studies included
A limitation of this review is the low number of articles 
included. Regarding the quality of the studies included, it 
can be noted that the adherence to existing guidelines (Val-
star et al. 2005, ISO Standard (ISO 16087:2013(E)) was poor. 
As recommended in the ISO standard, precision should be 
assessed in each clinical RSA study using double examina-
tions. Several studies did not report double examinations or 
referred to precision values from previous studies (Nuttall et 
al. 2009, Van der Lugt et al. 2010, Nuttall et al. 2012, 2014, 
Ten Brinke et al. 2016). For example, Nuttall et al. (2009) pre-
sented a study on the humeral component of TSA and referred 
to precision values for the glenoid component (Nuttall et al. 
2007). None of the studies that were included followed all the 
guidelines from the ISO standard. The most frequently ignored 
items were rigid body fi tting error, cutoff levels for condition 
numbers, details of accuracy, and radiological details. These 
fi ndings are in accordance with the fi ndings of Mandanat et al. 
(2014), who described the low adherence to RSA guidelines 
in RSA studies on knee and hip arthroplasty. To improve the 
methodological quality and to make it easier to compare the 
results of studies from different centers, better adherence to 
the guidelines is recommended for future studies. 

Future directions
Future research should focus on 3 main topics. First, to learn 
more about precision and accuracy of RSA, it is important to 
increase the number of RSA studies in shoulder, elbow, wrist, 
and hand arthroplasty. Secondly, long-term results are required 
to evaluate migration patterns in orthopedic implants and to 
investigate the predictive value of early migration for future 
loosening. The follow-up time in all but 4 studies included in 
this review was 2 years or less. We therefore encourage the 
authors of the RSA studies included to assess their patient 
cohorts after 5 and 10 years, to provide adequate follow-up 
data. Thirdly, given the predictive value of early migration in 
total knee and hip arthroplasty, RSA is an important tool in 
the development, introduction, and evaluation of orthopedic 
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implants. This predictive value has not yet been proven in the 
upper limb, so the value of RSA in the upper limb is not yet 
clear. Future research should therefore concentrate on the pre-
dictive value of early migration for loosening of prostheses in 
the upper limb. 

Conclusion
RSA is a highly precise method for measurement of early 
migration of orthopedic implants in the upper limb. However, 
the precision of rotation in several components has been poor. 
Challenges of RSA in the upper limb include the symmetrical 
shape of some components and the limited size of surrounding 
bone, leading to over-projection of the markers by the prosthe-
sis. We recommend higher adherence to RSA guidelines and 
encourage investigators to present long-term follow-up RSA 
studies. 

Supplementary data 
Tables 1, 2, and 3 are available as supplementary data in the 
online version of this article http://dx.doi.org/10.1080/174536
74.2017.1291872.
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