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Background and purpose — Rotating hinged knee 
implants are highly constrained prostheses used in cases 
in which adequate stability is mandatory. Due to their con-
straint nature, multidirectional stresses are directed through 
the bone–cement–implant interface, which might affect fixa-
tion and survival. The goal of this study was to assess micro-
motion of a fully cemented rotating hinged implant using 
radiostereometric analysis (RSA).

Patients and methods — 20 patients requiring a fully 
cemented rotating hinge-type implant were included. RSA 
images were taken at baseline, 6 weeks, and 3, 6, 12, and 24 
months postoperatively. Micromotion of femoral and tibial 
components referenced to markers in the bone was assessed 
with model-based RSA software, using implant CAD models. 
Total translation (TT), total rotation (TR), and maximal total 
point motion (MTPM) were calculated (median and range).

Results — At 2 years, TTfemur was 0.38 mm (0.15–1.5), 
TRfemur was 0.71° (0.37–2.2), TTtibia was 0.40 mm (0.08–
0.66), TRtibia was 0.53° (0.30–2.4), MTPMfemur was 0.87 
mm (0.54–2.8), and MTPMtibia was 0.66 mm (0.29–1.6). 
Femoral components showed more outliers (> 1 mm, > 1°) 
compared with tibial components.

Conclusion — Fixation of this fully cemented rotating 
hinge-type revision implant seems adequate in the first 2 
years after surgery. Femoral components showed more outli-
ers, in contrast to previous RSA studies on condylar revision 
total knee implants.

Rotating hinged knee implants are the most constrained type 
of knee prosthesis. They are mostly used in complex revision 
knee surgery with insufficient ligaments or extensive bone 
loss. Due to the hinge mechanism, relatively high multidi-
rectional stresses will be transferred across the bone–implant 
interface. These forces, in combination with impaired bone, 
make appropriate fixation of hinge implants in revision knee 
surgery challenging.

Radiostereometric analysis (RSA) can be used to evaluate 
the stability of an implant, with early detection of micromo-
tion between the implant and the surrounding bone (1). The 
degree of micromotion assessed by RSA in the first 2 years 
after surgery is associated with late revision for aseptic loos-
ening in primary total knee arthroplasty (TKA) (2,3). From 
the sparse data available on condylar revision knee implants, 
it can be observed that higher degrees of micromotion do not 
result in later aseptic loosening (4-6).

For rotating hinged knee implants, no RSA data is cur-
rently available. This information is required to determine the 
acceptable limit of micromotion for the long-term survival of 
a stable implant. Furthermore, RSA data can aid in evaluating 
the pattern of migration and potential failure modes, which 
might be different from primary or condylar revision implants 
due to forces directed through the rigid hinge mechanism.

The primary objective of our study was to investigate the 
stability of the fixation of a fully cemented rotating hinged 
knee implant in revision surgery within the first 2 years post-
operative. The secondary objective was to assess clinical and 
functional performance in these patients.
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Patients and methods
Design and patients
We conducted a single-center, cohort study from 2017 to 2021 
at the Sint Maartenskliniek, Nijmegen, the Netherlands. 20 
patients requiring a revision total knee replacement with a 
hinged-type knee system were included in this study. Exclu-
sion criteria were BMI > 40, active infection (systemic/local), 
disorders that could compromise compliance with the follow-
up period, known sensitivity to materials in the device, and no 
visible markers in both the femoral and tibial components on 
the first postoperative RSA radiograph.

The present study was reported according to STROBE 
guidelines.

Intervention
All patients received the Legion Hinge Knee (HK) System 
(Smith & Nephew, Memphis, TN, USA) and were operated on 
by orthopedic surgeons specialized in knee revision surgery. 
We used a medial approach and a fully cemented technique for 
all patients. Previous implants were carefully removed, and 6 
interface cultures were taken as per routine care. Realigned 
refresh cuts were performed, and the bone canal was prepared 
for stem fixation. The canal was reamed until cortical con-
tact was obtained and a 2-mm downsized stem was chosen 
for a sufficient cement mantle. Stem length (120 or 160 mm) 
was dependent on the surgeon’s preference to obtain sufficient 
fixation. Bone loss was assessed by the Anderson Orthopae-
dic Research Institute (AORI) bone stock classification and 
defects were treated with metal augments, cones, and/or bone 
grafting. The bone surface was cleaned with pulse lavage 
irrigation after placement of a polyethylene cement plug. 
Vacuum-mixed antibiotic-impregnated polymethyl methacry-
late (Copal G+C, Biomet Merck, Darmstadt, Germany) was 
loaded onto the components and retrogradely injected into the 
canal after tantalum beads for RSA were placed in the femur 
and tibia. The final components (tibia, femur) were cemented 
sequentially. All patellae were resurfaced or revised. A stan-
dard postoperative care protocol with direct full weight-
bearing and 5-day antibiotic treatment was followed for all 
patients.

Primary outcome
The primary outcome parameter was micromotion of both the 
femoral and tibial components, measured with model-based 
RSA using a uniplanar setup with 1 ceiling-mounted X-ray 
tube and 1 mobile device. Patients were lying in a supine 
position, with standardized foot rotation to enable marker 
visibility throughout the follow-up period. Micromotion of 
the implant component was evaluated at predetermined time 
points (6 weeks, 3 months, 6 months, 1 year, and 2 years 
postoperatively) compared with the baseline RSA radio-
graph taken after initial weight-bearing shortly after surgery. 

At 6 weeks, double RSA radiographs were performed in 
all patients to assess the precision with measurement error 
statistics (mean with standard deviation) (7). Accuracy was 
determined with a phantom study prior to patient inclusion. 
Model-based RSA (MBRSA) measurements with CAD 
models were performed with MBRSA software (Model-
based RSA 4.2, RSAcore, Leiden, the Netherlands) to cal-
culate translation (T) and rotation (R) of the component with 
reference to the bone markers. Translation was expressed 
in millimeters and rotation in degrees along or around the 
transverse (x), longitudinal (y), and sagittal (z) axes. Total 
translation (TT) was calculated as TT = √(Tx2 + Ty2 + Tz2) 
and total rotation (TR) was calculated as TR = √(Rx 2+ Ry2 

+ Rz2) (8). Outliers in relation to TT and TR were defined as 
components moving > 1 mm or > 1° as described by Heester-
beek et al. (5). Maximum total point motion (MTPM) was 
the length of the translation vector of the (virtual) marker on 
the implant that showed the greatest migration. All measure-
ments were evaluated according to the condition number and 
rigid body error. ISO 16087:2013 was followed, which rec-
ommends a maximum condition number of 150 and a rigid 
body error < 0.35 to have reliable results.

Other outcome scores
During follow-up visits, clinical and functional outcome mea-
sures were collected in a standardized way by a research nurse. 
Outcome measures were the Knee Society Score (KSS), Knee 
injury and Osteoarthritis Outcome Score – Physical Function 
Short form (KOOS-PS), Oxford Knee Score (OKS), Oxford 
Knee Score – Activity and Participation (OKS-APQ), and 
visual analog scales (VASs) for pain and satisfaction. VAS 
pain scores ranged from 0 (no pain) to 100 (worst pain) and 
VAS satisfaction ranged from 0 (dissatisfied) to 100 (satis-
fied). Additionally, knee flexion was measured with a long-
arm goniometer and all (severe) adverse device-related events 
were registered.

Statistics
Descriptive statistics were used to present patient character-
istics. Micromotion and outcome measures were given as 
medians with ranges and presented graphically to demonstrate 
micromotion patterns over time. Data were analyzed using 
STATA 13.0 (StataCorp, College Station, TX, USA).

Ethics, registration, funding, and disclosures 
The study protocol was approved by the hospital’s investiga-
tional review board and the Medical Ethical Review Board 
of Slotervaart and Reade (NL58887.048.16). This study was 
conducted in accordance with the Declaration of Helsinki and 
RSA guidelines (1). Written informed consent was obtained 
from all participating patients. The hospital received funding 
from Smith & Nephew to pay for staff and materials for con-
ducting this study. Smith & Nephew had no role in the design 
or conduct of the study, the collection, management, analyses 
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and interpretation of the data, or the preparation of the manu-
script. Completed disclosure forms for this article following 
the ICMJE template are available on the article page, doi: 
10.2340/17453674.2023.12305

Results

Preoperative patient characteristics such as age, sex, and sur-
gical details can be found in Table 1.

At final follow-up, 3 patients were lost to follow-up. 1 patient 
died due to an unrelated cause and 2 refused further participa-
tion (1 due to dementia, 1 due to pain). Micromotion could not 
be assessed in 2 femoral components and 7 tibial components 
due to insufficient RSA marker visibility and distribution. This 
resulted in complete RSA measurements of 16 femoral compo-
nents and 11 tibial components at 2-year follow-up (Figure 1). 
The median number of matching markers was 4 (3-9) and in 

Table 1. Patient characteristics and surgical details (N = 
20). Values are count unless otherwise specified

Patient characteristics
 Age, median (range) 71.6 (55–81)
 Female / male 14 / 6  
 BMI, median (range) 28 (20–38)
 Right / left    8 /12  
 No. of revision   
     1st 15 
     2nd   5  
 Reason for revision    
     Instability 10 
     Loosening   2 
     Infection   1 
     Severe arthrofibrosis   7 
 Admission (days), median (range)   5 (4–12)
Surgical details
 Surgery time (min), median (range) 124 (85–193)
 Bone loss (AORI) 
     F1/T1 10/15
     F2A/T2A   5/2
     F2B/T2B   4/3
     F3/T3   1/0
 Cones, femur/tibia   5/5
  Bone grafting, femur/tibia   0/1
 Extensor apparatus repair    1
 
AORI = Anderson Orthopaedic Research Institute bone 
stock classification.

Patients eligible for study
n = 25

Patients included
n = 20

RSA
Femoral components

n = 20

RSA
Tibial components

n = 20

RSA – 12-month follow-up
n = 18

RSA – 24-month follow-up
n = 16

RSA – 24-month follow-up
n = 11

RSA – 12-month follow-up
n = 13

Drop out due to marker issues
Insu�cient visible markers

(all follow-up visits)
n = 2

Drop out due to marker issues (n = 7):
– insu�cient visible markers (all follow-up visits), 4 a

– poor marker distribution (all follow-up visits), 1
– unreliable marker  (all follow-up visits), 1
– removal of markers (from 7 months), 1

Lost to follow up (n = 2):
– refused, 1
– died, 1

Lost to follow up (n = 2):
– refused, 1
– died, 1

Excluded (n = 5):
– no visible markers at baseline RSA, 3
– no hinge system used, 2

Figure 1. Flowchart of patients and components. At final follow-up clinical data was available for 17 
patients (2 patients refused, 1 died). a In 1 patient also lost to follow up > 12 months.

Table 2. Precision limits based on double examinations and calculated with 
measurement error statistics

 Tx Ty Tz Rx Ry Rz TT TR MTPM

Femur         
 Mean 0.03 0.02 −0.04 0.11 −0.05 0.05 0.18 0.34 0.38
 SD 0.08 0.07 0.19 0.27 0.20 0.13 0.14 0.15 0.17
Tibia         
 Mean 0.03 −0.01 0.00 0.02 0.00 −0.05 0.09 0.32 0.28
 SD 0.04 0.06 0.08 0.18 0.36 0.10 0.06 0.26 0.19

Tx: translation along the transverse axis (+ = medial); 
Ty: translation along the longitudinal axis (+ = proximal); 
Tz: translation along the sagittal axis (+ = anterior); 
Rx: rotation around the transverse axis (+ = flexion); 
Ry: rotation around the longitudinal axis (+ = internal); 
Rz: rotation around the sagittal axis (+ = varus); 
TT: total translation; TR: total rotation; 
MTPM: maximum total point motion; 
SD: standard deviation. 

8 femora and 8 tibias marker con-
figuration models were used. In 1 
femoral and 3 tibial components, 
the markers were found to be in an 
equilateral triangle, which led to a 
higher condition number (> 150) 
which is beyond the ISO guide-
line recommendations. The analy-
ses were reviewed by independent 
RSA experts (RSAcore, Leiden, the 
Netherlands) and found to be reli-
able to use. Measurement error sta-
tistics of the 6 degrees of freedom, 
TT, and TR are given in Table 2.

At 2-year follow-up, median 
TTfemur, TRfemur, and MTPM-
femur were 0.38 mm (0.15–1.5), 
0.71° (0.37–2.2), and 0.87 mm 
(0.54–2.8), respectively. Median 
TTtibia, TRtibia, and MTPM-
tibia were 0.40 mm (0.08–0.66), 
0.53° (0.30–2.4), and 0.66 mm 
(0.29–1.6), respectively (Figure 



Acta Orthopaedica 2023; 94: 185–190  188

2). The majority of micromotion occurred from baseline to 
6 weeks postoperatively, followed by stabilization of micro-
motion (Figure 2). Individual translation and rotation trajec-
tories did not show uniform migration patterns (towards a 

showed a TT > 1 mm or TR > 1°, especially on the femoral 
side. However, none of the implants failed or showed radio-
logical signs of loosening. Most clinical and functional scores 
showed an improvement from baseline, and pain decreased.
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Figure 2. Total translation (left panel) and total rotation (right panel) of the femoral and tibial 
components at follow-up intervals. Top and bottom of box are the 25th and 75th percentiles, 
horizontal line within box is the median, whiskers are the lower and upper adjacent values 
(1.5 x IQR), and markers are outside values. Grey dashed lines are the measurement error 
statistics (mean ± 95% CI).

Table 3. Translation and rotation of the femoral and tibial components on all axes at all 
follow-up time points. Values are median (range)

  Femoral component Tibial component
  follow-up, months follow-up, months  
  1.5 3 6 12 24 1.5 3 6 12 24

Medial translation (Tx) (mm)          
 n 18 18 18 18 16   14 14 14 13 11
 median −0.01 0.11 −0.01 0.03 0.03   0 0.02 0.01 −0.03 −0.04
 min. −0.49 −0.44 −0.51 −0.52 −0.63   −0.27 −0.21 −0.18 −0.16 −0.41
 max. 0.39 0.49 0.44 0.53 0.97   0.49 0.24 0.24 0.43 0.59
Proximal translation (Ty) (mm)           
 n 18 18 18 18 16   14 14 14 13 11
 median 0.03 −0.04 −0.02 0.03 0.06   0.02 0.08 0.04 0.09 0.03
 min. −0.28 −0.19 −0.31 −0.14 −0.21   −0.05 −0.14 −0.03 −0.09 −0.24
 max. 0.19 0.28 0.37 0.49 0.81   0.19 0.26 0.30 0.20 0.23
Anterior translation (Tz) (mm)           
 n 18 18 18 18 16   14 14 14 13 11
 median 0.08 0.08 0.14 0.1 0.15   −0.01 −0.02 0.02 0.02 0.12
 min. −0.90 −1.1 −1.1 −0.86 −1.3   −0.68 −0.38 −0.39 −0.62 −0.62
 max. 0.64 1.0 1.5 1.3 1.4   0.5 0.27 0.44 0.53 0.4
Flexion (Rx) (°)           
 n 18 18 18 18 16   14 14 14 13 11
 median −0.03 0.02 −0.02 0.06 0.1   −0.07 0.02 0.08 −0.09 −0.06
 min. −0.82 −0.89 −1.26 −1.18 −1.24   −1.2 −1.7 −1.7 −2.0 −2.4
 max. 0.65 0.80 0.90 1.7 2.1   0.22 0.28 0.43 0.43 0.52
Internal rotation (Ry) (°)          
 n 18 18 18 18 16   14 14 14 13 11
 median −0.1 −0.1 −0.03 −0.18 −0.36   0.02 0.07 0.15 0.06 0.09
 min. −0.64 −0.83 −1.07 −1.12 −0.99   −0.71 −0.33 −0.17 −0.33 −0.21
 max. 1.1 1.4 1.6 1.4 1.6   0.45 1.2 1.5 0.57 0.82
Varus rotation (Rz) (°)          
 n 18 18 18 18 16   14 14 14 13 11
 median 0.01 0.07 0.01 0.01 −0.01   −0.01 −0.01 0 0.03 0.03
 Min. −0.25 −0.26 −0.46 −0.25 −0.66   −0.68 −0.34 −0.33 −0.49 −0.52
 max. 0.22 0.26 0.35 0.37 0.68   0.23 0.24 0.28 0.46 0.48

specific direction), with median trans-
lation and rotation values close to zero. 
However, individual outliers with higher 
migrations were most prominent in the 
anterior–posterior translation, flexion–
extension, and internal–external rotation 
in femoral components and in the flex-
ion–extension rotation of tibial compo-
nents (Table 3). At 2 years, 5 femoral 
components translated with a TT > 1 
mm and 5 femoral components rotated 
with a TR > 1°, whereas no tibial com-
ponents translated with a TT > 1 mm 
and 2 tibial components rotated with a 
TR > 1°. Moreover, MTPM trajectories 
of the femoral component showed more 
continuous migration over time com-
pared with tibial components (Figure 3). 
Translation and rotation of the femoral 
and tibial components in all 6 degrees of 
freedom throughout the entire follow-up 
are presented in Table 3.

Most outcome scores at 2 years 
showed an improvement from baseline 
(Table 4). Pain scores decreased signifi-
cantly over time both in the subscore of 
the OKS as well as in the VAS pain score 
(Table 4). 11 patients encountered a 
complication (recurrence of arthrofibro-
sis [4], [neuropathic] pain [5, of whom 
3 with worsening of pre-existing pain], 
deep venous thrombosis [1], recurrence 
of quadriceps tendon rupture [1], pneu-
monia [1], extended wound leakage [1]), 
with only 1 patient requiring reopera-
tion (full allograft extensor mechanism 
reconstruction). None of the implants 
were revised or suspected of loosening 
at 2-year follow-up.

Discussion

This is the first RSA study to investigate 
the stability of a revision rotating hinged-
knee implant. Most implants showed 
some degree of early micromotion fol-
lowed by stabilization of micromotion 
between 6 weeks and 2 years. At 2 years, 
a significant number of components 
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Implant stability has been studied widely for tibial com-
ponents in primary TKA (3). Acceptable migration has been 
defined as MTPM < 0.5 mm in the first 6 months and MTPM 
< 0.2 mm from 6–12 months and 12–24 months. Although 
these values cannot be applied to complex knee revision sur-
gery with rotating hinged implants, the micromotion results 
of the current study are within or close to these safe zones, 
with a median MTPM of 0.46 mm at 6 months and an increase 
of 0.21 mm between 12 and 24 months. For femoral compo-
nents, there is no reference data for acceptable micromotion. 
Although there was higher early migration, with an MTPM of 
0.78 mm at 6 months, this was followed by satisfactory stabi-
lization up to 2 years (0.06 mm 6–12 months, 0.03 mm 12–24 
months). A possible explanation for higher early migration in 
revision TKA compared with primary TKA might be existing 
bone loss with compromised primary fixation and subsequent 
remodeling in stemmed revision TKA (9). No difference in 
migration was found between the groups AORI F1/T1 and 
AORI >F1/>T1.

While on the group level acceptable levels of micromotion 
were observed, individual RSA trajectories did show outliers 
outside the previously mentioned safe zones. 4 femoral com-
ponents could be identified as having continuous migration 
(Figure 3). Further analysis showed mainly anterior–posterior 
translation, and rotation around the transverse (flexion–exten-
sion), and (to a lesser extent) longitudinal (internal–external 
rotation) axis. 1 tibial component showed increasing rotation 
around the transverse (flexion–extension) axis. This particular 
migration for both the femoral and tibial components might 
be due to increased momentum in the sagittal plane caused by 
the fixed-hinge mechanism and extension stop of the implant 
system. 

In the literature there is limited RSA data for revision TKA: 
Heesterbeek et al. reported median TT (TTfemur 0.31 mm, 

TTtibia 0.40 mm) and median TR (TRfemur 0.62°, TRtibia
 0.86°) 

for fully cemented revision TKA with condylar revision 
implants at 2 years, which are comparable with the current 
findings (5). In contrast to this, the number of outliers (TT > 1 
mm or TR > 1°) seems higher for femoral components com-
pared with the tibial components in the current study (7/16 vs. 
2/11) and in contrast to the study of Heesterbeek et al. with 
cemented condylar revision TKA (4/15 vs. 5/14) (5). Higher 
rates of aseptic loosening of femoral components in rotating 
hinged knee implants have been reported, for which different 
explanations have been provided (10,11). Farid et al. believed 
that the femoral component in rotating hinged knee implants 
is subject to more torsion and bending stresses due to differ-
ences in the anatomic femoral and mechanical axis (10). We 
presumed that the femoral component and stem are subject to 
higher torsional stresses due to the design of the rotating hinge 
mechanism. The tibial component is relatively free from these 
stresses because the rotational free axis is always in line with 
the longitudinal axis of the tibial component and stem. Due to 
these findings, our previous focus on tibial fixation in revision 
knee surgery with rotating hinged implants has been changed 
into increased attention to fixation of the femoral component.

Although a significant number of implants showed continu-
ous migration or a high degree of micromotion (> 1 mm or > 
1°), longer follow-up RSA in revision knee surgery with con-
dylar implants did not show signs of aseptic loosening for this 
potential group at risk (4,6). In addition, a retrospective analy-
sis of a fully cemented Legion HK cohort showed only 1 fem-
oral component loosening in 147 cases with a mean follow-
up of 3.8 years (16). This might confirm appropriate stability 
of the present fully cemented rotating hinged implants and 
might indicate that higher degrees of micromotion are accept-
able in revision TKA along with the use of hinged implants. 
Moreover, long-term survival data of fully cemented rotating 
hinged implants showed excellent and superior survival over 
hybrid fixated implants (11). Extended clinical follow-up of 
the current patients will be needed to ascertain whether the 
degree of migration will lead to early re-revisions and, if so, to 
investigate a relationship with the migration patterns.

Table 4. Clinical outcome scores given in median (range) at 1- and 
2-years follow-up

  Baseline 12 months 24 months
Score  n = 20 n = 20 n = 17
   
Knee Society Score   
 Total 111 (35–174) 131 (53–179) 125 (58–170)
 Clinical 52 (29–94) 82 (42–100) 65 (38–100)
 Functional 55 (–10–80) 50 (0–80) 50 (0–80)
Oxford Knee Score   
 Total 21 (11–40) 33 (10–44) 31 (12–48)
 Pain 43 (21–86) 73 (18–96) 68 (25–100)
 Function 38 (25–80) 60 (25–100) 50 (25–100)
 APQ 8 (0–38) 20 (0–75) 13 (0–100)
KOOS-PS 51 (30–92) 39 (0–100) 44 (0–84)
VAS pain 63 (10–83) 36 (0–91) 49 (0–90)
VAS satisfaction  58 (0–100) 45 (1–100)

APQ = Oxford Knee Score – Activity and Participation. 
KOOS-PS = Knee injury and Osteoarthritis Outcome Score – Physi-
cal Function Short form. 
VAS = visual analog scale.
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Figure 3. Individual RSA trajectories of the MTPM of the femoral (left 
panel) and tibial (right panel) components.
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Most clinical and functional scores showed a significant 
improvement at 24 months (OKS, KSS clinical, OKS-APQ, 
and KOOS-PS) and this improvement is of clinical impor-
tance in knee revision surgery (12,13). However, a slight 
decrease was seen for most of the scores after 12 months. This 
was especially true for patients with recurrent arthrofibrosis 
and increased (neuropathic) pain. This is in line with previ-
ous studies on revision knee surgery for arthrofibrosis, which 
showed clinical deterioration after 12 months (14). Recurrence 
of arthrofibrosis was the most frequent complication, which is 
similar to previous reports with moderate outcomes after revi-
sion surgery (14,15). Nevertheless, a total of 8 patients had a 
preoperative stiff knee (range of motion < 90°) and improved 
at least 20° in range of motion at 2 years’ follow-up. Only 
1 reoperation occurred (full allograft extensor mechanism 
reconstruction), which is very reasonable compared with pre-
vious studies on revision knee surgery with hinged implants 
(11,16).

The main limitation of the present study is the substantial 
loss of analyzable tibial components due to marker invisibil-
ity. Because of the extensive size of the implant and the limited 
cancellous bone for marker placement, RSA measurements 
were not possible in 4 tibial components and 2 femoral com-
ponents. This could not be solved with marker-configuration 
models. Furthermore, poor distribution of markers and unre-
liable measurements in another 2 tibial components resulted 
in failure to analyze the micromotion in these patients. In 1 
tibial component, some markers were removed during a full 
allograft reconstruction of the extensor apparatus, which made 
analysis impossible at 12 and 24 months. In 4 components, the 
condition number was > 150, which may have impeded the 
quality of the RSA measurements.

Conclusion
Micromotion in fully cemented rotating hinged knee implants 
was comparable to previous findings in satisfactory fixated 
condylar revision knee implants with long-term follow-up. 
Therefore, fixation of these implants seems adequate in the 
first 2 years after surgery. Femoral components showed more 
outliers, in contrast to previous RSA studies.
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