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ABSTRACT

Introduction. Implant subsidence is one criteria utilized to monitor
for prosthesis loosening after total hip arthroplasty (THA) with initial
implant subsidence assessment often done utilizing plain radio-
graphs. The specific aim of this study was to identify the most reliable
references when using plain radiographs to establish an image mag-
nification with the goals being easy to use, inexpensive, reliable, and
accurate.

Methods. Two femoral stem implants (stem lengths: 127 mm, 207
mm) were utilized to simulate hemiarthroplasty of the hip with com-
posite femurs. Different combinations of femoral stem distances from
the radiographic film (ODD), source-detector differences (SDD), hip
rotation, and hip flexion were elected. Standardized anterior-posterior
pelvis for each parameter combination setup were taken. Radiograph-
ic measurements (head diameter, stem length, stem seating length)
were undertaken five times by three examiners. Radiographic image
magnification factors were generated from two references (head
diameter and stem length). Radiograph measurement reproducibil-
ity and stem seating length errors using these magnification factors
were evaluated.

Results. High level of repeated measurements reliability was found
for head diameter (99 + 0%) and stem length (90 + 7%) measure-
ments, whereas seating length measurements were less reliable (76
+0%). Stem length error using the femoral head magnification factor
yielded 11% accuracy. Stem seating length error using both magnifica-
tion factors were not reliable (< 7% accuracy). All parameters, except
SDD, showed significant effect on calibrated measurement error.
Conclusion. Current methods of assessing the implant subsidence
after THA are inaccurate and unreliable. Clinicians should recognize
these limitations and be cautious when diagnosing implant stability
using plain radiographs alone. Kans J Med 2020;13:65-70

INTRODUCTION
The stability of the prosthetic components after total hip arthro-

plasty (THA) is critical for long-term implant performance. Early
migration of prosthetic stems and cups greater than 3 mm resulted in
later aseptic failure of the prosthesis."® The prognostic value of early
recognition of prosthetic component migration for long-term implant
performance also has been demonstrated.”'® With small distances
of implant migration being critical, the accuracy of measurement
methods to evaluate component migration after THA is essential.

Femoral stem subsidence is one criteria utilized to monitor for
prosthesis loosening after THA with initial implant subsidence
assessment often utilizing plain radiographs. Several studies investi-
gated the validity and reliability for measuring displacement on plain
radiographs for different parts of the body."2° Their results indicated
that caution should be taken when interpreting clinical results using
plain radiographs to measure displacement. However, these studies
did not suggest improving accuracy and reliability when using radio-
graphs to calculate the radiographic image magnification factor and
implant migration. Walker et al.'? pointed out that using landmarks
close together on the femur and the stem of the implant were optimal
for determining femoral stem migration. To our knowledge, there
have been few studies to evaluate the effect of selecting different ref-
erences for the radiographic image magnification factor that could
lead to better accuracy or precision when determining femoral stem
migration. The specific aim of this study was to identify the most reli-
able references when using plain radiographs to establish an image
magnification with the goals being easy to use, inexpensive, reliable,
and accurate.

METHODS

Two femoral stem implants were utilized, one with a stem length
of 127 mm (SL-1) and the other with a stem length of 207 mm (SL-2;
Figure 1). The stem length of these implants were measured from the
tip of the proximal end to the distal tip of the stem. Both implants had
a femoral head size of 32 mm. Two composite large femurs (Model
3406, Sawbones USA, Vashon Island, WA) were used to simulate
hemiarthroplasty of the hip utilizing the two selected femoral stems
(Figure 1). The femur was placed into a custom-designed holding jig
to replicate patient positioning in a supine position while obtaining a
radiographic image.

Testing all combinations of different femoral stem distances from
radiographic film (ODD), source-detector differences (SDD), hip
rotation, and hip flexion systematically created a large number of pos-
sible combinations prohibitively large (Figure 2). This study elected
to test combinations of parameters that were clinically relevant and
included ODD: 82 mm, 177 mm, 277 mm; SDD: 102 c¢m, 122 c¢m; hip
rotation angle: -15° (internally rotated), 0°, 15° (externally rotated);
and hip flexion angle: 0°, 5°, 10°. The ODD of 82 mm was selected
presumptuous the radiographic film cassette was on the radiographic
table top and right under a patient’s buttocks. When the radiographic
film cassette was put under the radiographic table the ODD increased
to 177 mm, as the distance between the radiographic table top to the
radiographic film cassette; drawing for the cassette under the radio-
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graphic table was 95 mm. The ODD of 277 mm was assumed; the
femoral stem was 100 mm above the radiographic table top.

Figure 1. Cutout view of the simulated hemiarthroplasty of the hip using
sawbone models with measured femoral stem seating length.
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Figure 2. Radiographic image testing setup.

Radiographic images were simulated as standardized anterior-pos-
terior (AP) pelvis radiographs in a supine position for each parameter
combination setup (Figures 3a and 3b). Three examiners evaluated
the radiographic measurements for each image, which were provided
in a randomized order. These radiographic measurements included
measurement of femoral head diameter (FHD), femoral stem length
(FSL), and femoral stem seating length (FSSL). The femoral stem
seating length was measured between the most medial and inferior
point of the resected portion of the femur and the distal tip of the stem
(Figure 3c¢). Standardized magnification (zoom in) was utilized to
“landmark” the most superior and most inferior aspects of the femoral
stem, similar for the femoral seating length and the femoral head diam-
cter. After all the measurements were recorded, the measurements on
the radiographs were cleared and the images zoomed out to normal
view. This process was repeated five times by each examiner with at
least one day between repeated measurements. All radiographs were
evaluated using the Sectra IDS7 PAC system (Sectra AB, Linkoping,
SWEDEN) with a measurement resolution of 0.1 mm.

Two references for the radiographic image magnification were
selected: femoral head diameter (FHD) and femoral stem length
(FSL). The magnification factor (Mag_FHD, Mag_FSL) was gener-
ated by comparing either the FHD to the known implant diameter or
the FSL to the known implant stem length, respectively.
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Figure 3. Radiographic images: (a) Simulated standardized AP pelvis radio-
graph with 207 mm stem length implant, (b) Simulated standardized AP pelvis
radiograph with 127 mm stem length implant, (¢) Radiographic measurements.

Mag FHD = (FHD/actual head diameter)
Mag_FSL = (FSL/actual stem length)

With femoral head diameter as the magnification factor, the “cali-
brated femoral stem lengths” then were calculated using the generated
Mag FHD.

calibrated femoral stem length = (FSI/Mag_FHD)

Stem length error was defined as the difference between the cali-
brated femoral stem length and the actual known stem length.

stem length error = calibrated femoral stem length - actual stem length

The femoral stem seating length measured on the radiographs was
modified using both generated magnification factors (Mag_FHD,
Mag_FSL) to arrive at a calibrated seating length for both.

calibrated stem seating length_IFHD = (FSSL,/Mag_FHD)

calibrated stem seating length_IF'SL = (FSSL/Mag_F'SL)

The stem seating length error was defined as the difference between
the calibrated FSSLs and the actual stem seating length. The actual
stem seating length for the two selected implant stem lengths of 127
mm and 207 mm were physically measured and were 93 mm and 166
mm, respectively (Figure 1).

stem sealing length error,,, = calibrated I'SSL,,,, - actual stem sealing length

D FHD

stem seating length error,, = calibrated 'SSL,, - actual stem seating length

Statistical Analysis. Data retrieved from the radiographic mea-
surements were analyzed using a histogram to evaluate the frequency
distribution of the absolute differences between the five repeated mea-
sured values for each radiograph, and for each examiner, to represent
the majority of the measurement error. This study also calculated the
percent of absolute differences that were less than 0.5 mm between
radiographic measurements to provide an estimate of intra-reliability.
An absolute difference of less than 0.5 mm was defined as an “excel-
lent” reliability. Descriptive statistics of the mean, standard deviation,
95% confidence interval, and range were determined for all radio-
graphic measurement variables. Frequency distribution analyses were
utilized to represent the distribution of the stem length errors and
seating length errors using the two reference magnification factors
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(Mag_FHD, Mag_FSL). One-way analysis of variance (ANOVA)
with the Least Significant Difference (LLSD) multiple comparisons
post hoc test method in SPSS software (Version 19.0; SPSS Inc,
Chicago, 11.) was utilized to determine significant effect among dif-
ferent parameters (ODD, SDD, hip rotation angle, and hip flexion
angle) on stem length error and seating length error, with p < 0.05
denoted as significant.

RESULTS

A total of 92 radiographic images of simulated THAs were includ-
ed and reviewed. On the same radiographs, all examiners displayed
a high level of repeated measurements reliability for FHD and FSL
measurements with 99 + 0.2% and 90 + 7.1% within 0.5 mm error
difference in measurements, respectively. The mean absolute differ-
ences for these two measurements were 0.16 + 0.13 mm (range: 0.0
-1.0mm, 95% CI: 0.01 mm) and 0.24 + 0.23 mm (range: 0.0 - 2.2 mm,
95% CI: 0.02 mm), respectively (Table 1). The reliability for FSSL
measurements was less consistent than the other two measurements
above (reliability: 76.3 + 5.5 % within 0.5 mm error; mean absolute
difference: 0.39 + 0.35 mm; range: 0.0 - 4.6 mm; 95% CI: 0.02 mm;
Table 1). A frequency of measurement errors is shown in Figure 4.

When investigating the stem length error using the generated mag-
nification factor from the femoral head diameter, there were only 11%
accurately measured with an error of O mm between the calibrated
stem length and the actual stem length (Figure 5). There was 45%
accuracy to within 1 mm between the calibrated stem length to the
actual stem length. The accuracy of radiographic calibrated stem
length was higher with the shorter stem length (127 mm) when com-
pared to the longer stem length (207 mm; Figure 5).

When comparing the calibrated stem seating length measurement
with the two reference magnification factors (Mag_FHD, Mag_FSL)
it was found that the overall accuracy measurement with both refer-
ence magnification factors were not reliable with only 6% and 3%
within O mm error, respectively (Figure 6). There was less than 50%
(Mag_FHD: 47%, and Mag_FSL: 39%) accuracy to within 2 mm
error when compared to the actual stem seating length. It was also
noticed that the accuracy of calibrated stem seating length was higher
with the longer stem length (207 mm) when compared to the shorter
stem length (127 mm; Figure 6).

The results of this study observed significant differences in cali-
brated measurement error with combinations of different femoral
stem distances from radiographic film (ODD), hip rotation angle,
and hip flexion angle. However, there was no significant difference
detected in calibrated measurement error with the effect of the SDD
(Table 2, p > 0.05).

Table 1. Summary results of mean absolute difference between
three examiners.

Examiner | Examiner | Examiner Overall
#1 #2 #3
ol | 02e01 | 02:01 [ 02:01 02+0.1
Femoral ©0-09) | 00 10)| ©0 07 | 00 10)
Head oo | 02+02 [ 02:01 | 0201 02+0.1
Diameter | * 0.0 006) | 00006 | ©0 05 | 0O 06
(FHID) , , , 5
Overall | 02701 ] 02201 | 02:01 | 0.2:0.1
: ©0-09 | ©0 10) | ©0 07 | 0.0 1.0)
g1 | oreo1 {02002 [ 0303 | 02:02
Femoral ©0-09) | ©o 10| ©0 17 | 00 17)
Stem oo | 02102 [ 03:03 | 03:04 | 03:03
Length | * ©0-1.2) | 00 -10) | (00 -22) | 0.0 2.2)
(FSL) Overall | 02702 [ 02102 | 03103 | 02:02
VAl 0.0 -1.2) | 00 -10) | 00 22) | (0.0 2.2)
g1 | 0404 | 0604 [ 05105 | 05104
Femoral | * ©0-32 | 00 19 | 00 46) | 00 406)
Stem o | 0302 | 03102 | 03:03 | 03:02
Seating | SL-2 1 (5 15y | (0014 | ©00-15 | ©0-15)
Length 0 1. 0 1. 0 1.7 0 1.7
FSSL) | () oran | 03103 | 04104 | 04104 | 04:04
VAl 0.0 -32) | 0019 | 00 4.6) | (0.0 - 4.6)

*Values represent in mean = SD (mm) (range).

35%
& Femoral Head Diamteter (FHD)

Femoral Stem Length (FSL)
@ Femoral Stem Seating Length (FSSL)

30%

25% 1

20% -

15% o

Frequency (%)

10% 4

5%

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 i |
Measurement Error (mm)

Figure 4. Histogram analysis of radiographic measurement error between

each repeated measurements for all three examiners of femoral head diameter,

femoral stem length, and femoral stem seating length.

DISCUSSION

Several radiological measurement techniques using conventional
plain radiographs have been developed and utilized for the detection
of implant migration. Some studies utilized different reference lines
or points on the implants and the bone, and /or used markers on the
bone for these measurements.?** Some recognized that the accuracy
and precision of each measuring method varies. Malchau et al.> have
shown that measurements of stem migration on conventional radio-
graphs varied from 4 mm to 12 mm when compared to the results
with radiostereometry (RSA), depending on the choice of landmarks.
Several other studies? also evaluated the validity and reliability
for measuring displacement on plain radiographs of different parts
of the body, and their results indicated that caution should be taken
when interpreting clinical results using plain radiographs to measure
displacement.
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Figure 5. Frequency distribution analysis of calibrated femoral stem length
errors using magnification factor based on the femoral head diameter (mag_
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Figure 6. Frequency distribution analysis of calibrated stem seating length
errors using different reference magnification factors, mag_fthd and mag _fsl.

This study utilized two references for the radiographic image
magnification with the hypothesis that using femoral stem length to
generate the radiographic image magnification factor shall provide a
more reliable and accurate reference for determining femoral stem
migration after THA. The results agreed with previous studies that
measuring displacement on plain radiographs is not reliable regard-
less of selecting different references for the radiographic image
magnification. This may be because plain radiographs provide a two-
dimensional projected representation of a three-dimensional object.

The selected reference for the correction of magnification and the
choice of the reference lines on conventional radiographs have sig-
nificant effect on the accuracy and precision of the implant migration
measurement. Even with standardized radiographic positioning and
procedures guidelines, the radiographic images of the same patient at
different points in time produce difficulties with accuracy and reliably
to measure implant migration. The present study showed that minor
changes in hip rotation, hip flexion, and ODD of the patient resulted
in significant changes in calibrated radiographic measurement error.
A change in hip rotation of 15°, hip flexion of 5°, and ODD of 100 mm
resulted in a maximum absolute change of 1.9 mm, 2.2 mm, and 0.6
mm in calibrated stem seating length error of chosen reference for the
radiographic image magnification, respectively (Table 2).
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Table 2. Significance of parameter variability on radiographic

measurement error.

Parameter Average + SD | Min-Max
-15° -0.8 + 2.1 (-7.7 - 3.6)
Stem Length T 1819 | (90 23)
rror
15° -25+19 (-9.2-89)
o ] . Ay
Stem Seating 15 0.7+25 (-54-0.3)
Rotation Length 0° -1.8+26 (-71-69)
firror IFHD 15° 30:28 | (9651
_15° _ ¢ 49 _
Stem Seating 15 14412 (4.2 1.0)
Length 0° -3.2+1.5 (-6.6 - 0.0)
Error FSL 15° 5.0+ 2.0 (-99 17)
0° -2.1+20 (-92-13)
Stem Length [ 5o 00619 | (02 89)
rror
10° -14+20 (-84 -3.2)
5 ] . P
Stem Seating 0 0.6 +2.6 (-6.2 - 0.9)
Flexion Length 5° -28+21 (-74 - 4.0)
firror IFHD 10° 3422 | (-96-23)
Stem Seating 0 -2.3+1.6 (-61-0.8)
Length 5° -34+ 1.8 (-7.3-1.7)
Error FSL 10° 46+24 | (99 006)
StemLength | 177mm [ 15:20 | (90 89)
Error 277mm | -13:21 (-92-30)
Stem Seating | 177 mm -20+25 (-7.3-09)
Length
ObDb Error_FHD 277 mm -2.6+2.7 (-9.6-0.2)
Stem Seating | 177 mm -33+21 (-86-17)
Length ) .
Error FSL | 277mm -3.6 +2.3 (-99-0.8)
Stem Length | 102¢m -1.6+2.3 (-92-838)
Error 122 cm 16+16 | (-84 206)
Stem Seating | 102 cm -1.8+3.0 (-9.6 - 6.9)
3 Length
SbD Error_FHD 122 em -1.8+27 (-8.0-47)
Stem Seating | 102cm -3.2+22 (-99-17)
Length
Error_FSL 122 cm -31+21 (-93-0.7)
Stem Length | SL-1 08:15 | (-84-89)
Error SL-2 24+21 | (92 30
Stem Seating SL-1 -34+20 (-80-12)
Stem Length
Length Error_FIID SL-2 -02+27 (-8.2-6.9)
Stem Seating SL-1 -40+1.8 (-99-17)
Length
Error_FSL SL-2 -22+21 (-80-1.0)
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Most studies dealing with radiographic measurements con-
sider even small differences in length as significant."" This raises
the question if radiographic parameters, as suggested in literature,
truly provide reliable information on outcomes after THA in clinical
routine. If displacement measurements from plain radiographs are
inaccurate and reliable, then it is impossible to understand the effect
of implant subsidence on outcome, and clinicians cannot commu-
nicate effectively about the stability of prosthetic components after
THA based on radiographic evaluation. The stability of the prosthetic
components after THA, therefore, shall not be diagnosed exclusively
with a sequence of radiographic images, it shall be diagnosed with a
combination with clinical situation and symptoms.

Roentgen stereophotogrammetric analysis (RSA) generally is
accepted as the gold standard of implant migration measurement
tools, especially regarding accuracy and three-dimensional (3-D)
migration measurement. RSA use has been reported with an accuracy
within 0.2 mm for implant subsidence.'* >3 RSA has added a great
deal to the assessment of implant subsidence in THA, and these 3-D
reconstructions aid significantly in evaluating post-operative implant
migration and the rate of migration. However, this is not being used for
routine post-operative follow-up due to concerns of cost, feasibility
only for prospective study designs as small radio-opaque markers are
introduced into the bone and the prosthesis to serve as well-defined
artificial landmarks, and impracticality for long-term studies with
large patient populations.?>!

This study has certain limitations. First, this biomechanical investi-
gation was performed using radiographs of Sawbones models without
soft tissues which potentially could differ from the radiographic
quality of images than are obtained in the clinical setting. Second,
this study contained only two selected implants (S1.-1 and S1.-2) that
could limit the generalization to different types, sizes, or shapes of
implants. Third, femoral stem seating length was measured from the
most medial and inferior point of the resected portion of the femur,
which is not a typical clinical assessment. The authors understood
that the most common landmark on the femur used to measure the
stem seating length is with the lesser trochanter, as the resected
portion of the femur will change over time. It was performed this way
for the present study due to the fact the lesser trochanter was some-
times difficult to visualize in radiographic images depending on the
orientation of the femur, whereas the resected potion of the femur
could be observed easily in all the evaluated radiographic images. The
main goal was to determine the accuracy of displacement measure-
ment between calibrated radiographic measurement to the actual
implant measurement. Despite these limitations, the outcomes of this
study were valuable because this study shed light on the limitations of
utilizing serial digitized plain radiographs to perform radiological dis-
placement measurements. Further evaluation is required to support
our findings.

)

CONCLUSIONS

Current methods of assessing the implant subsidence after THA
are inaccurate and unreliable. Literature citing acceptable implant
migration displacement based on plain-film radiographic parame-
ters should be interpreted with caution. Our results indicated that
measurement errors are most likely to be expected. Clinicians should
recognize these limitations and be cautious when diagnosing implant
stability using plain radiographs alone.

ACKNOWLEDGEMENTS

The authors want to acknowledge Cheryl Hanson, RT (R), Kayla
Klipping, RT (R), and Brent Colby, MS DABR of Sanford Health
Department of Radiology for their technical support and assistance
with the radiograph images obtained for this study. The authors spe-
cially thank Colin Bond, MS, Michelle McGeary, BS, and Sean-Tom
Garry, BS of Sanford Sport Science Institute for their assistance on
this study.

REFERENCES

U Albers A, Aoude AA, Zukor DJ, Huk OL, Antoniou J, Tanzer M. Favor-

able results of a short, tapered, highly porous, proximally coated cementless

femoral stem at aminimum 4-year follow-up. J Arthroplasty 2016; 31(4):824-

8290, PMID: 26411395.

2 Barreca S, Ciriaco L, Ferlazzo M, Rosa MA. Mechanical and biological
results of short-stem hip implants: Consideration on a series of 74 cases. Mus-
culoskelet Surg 2015; 99(1):55-59. PMID: 24969076.

3 Kim YH, Kim JS, Joo JH, Park JW. A prospective short-term outcome
study of a short metaphyseal fitting total hip arthroplasty. J Arthroplasty
2012; 27(1):88-94. PMID: 21435820.

* Min BW, Song KS, Bae KC, Cho CH, Kang CH, Kim SY. The effect of stem
alignment on results of total hip arthroplasty with a cementless tapered-
wedge femoral component. J Arthroplasty 2008; 23(3):418-423. PMID:
18358382.

> Kim YH, Kim JS, Oh SH, Kim JM. Comparison of porous-coated titanium
femoral stems with and without hydroxyapatite coating. J Bone Joint Surg
Am 2003; 85-A(9):1682-1688. PMID: 12954825,

¢ Biedermann R, Krismer M, Stockl B, Mayrhofer P, Ornstein E, Franzén
H. Accuracy of EBRA-FCA in the measurement of migration of femoral
components of total hip replacement. Einzel-Bild-Rontgen-Analyse-femo-
ral component analysis. J Bone Joint Surg Br 1999; 81(2):266-272. PMID:
10204933.

7 Krismer M, Biedermann R, Stockl B, Fischer M, Bauer R, Haid C. The pre-
diction of failure of the stem in THR by measurement of early migration using
EBRA-FCA. Einzel-Bild-Roentgen-Analyse-femoral component analysis. .J
Bone Joint Surg Br 1999; 81(2):273-280. PMID: 10204934.

8 Sakalkale DP, Eng K, Hozack WJ, Rothman RH. Minimum 10-year results
of a tapered cementless hip replacement. Clin Orthop Relat Res 1999;
(362):138-144. PMID: 10335292.

¢ Ilchmann T, Markovic L, Joshi A, Hardinge K, Murphy J, Wingstrand H.
Migration and wear of long-term successful Charnley total hip replacements.
J Bone Joint Surg Br 1998; 80(3):377-381. PMID: 9619922,

10 Kobayashi A, Donnelly WJ, Scott G, Freeman MA. Early radiological
observations may predict the long-term survival of femoral hip prostheses. J
Bone Joint Surg Br 1997; 79(4):583-589. PMID: 9250743.

I Krismer M, Stockl B, Fischer M, Bauer R, Mayrhofer P, Ogon M. Early
migration predicts late aseptic failure of hip sockets. J Bone Joint Surg Br
1996; 78(3):422-426. PMID: 8636179.

2 Walker PS, Mai SE, Cobb AG, Bentley G, Hua J. Prediction of clinical
outcome of THR from migration measurements on standard radiographs. A
study of cemented Charnley and Stanmore femoral stems. J Bone Joint Surg
Br1995; 77(5):705-714. PMID: 7559694,

B Freeman MA, Plante-Bordeneuve P. Early migration and late aseptic
failure of proximal femoral prostheses. .J Bone Joint Surg Br 1994; 76(3):432-
438. PMID: 8175848.

" Kérrholm J, Borssén B, Lowenhielm G, Snorrason E. Does early micro-
motion of femoral stem prostheses matter? 4-7-year stereoradiographic
follow-up of 84 cemented prostheses. J Bone Joint Surg Br 1994; 76(6):912-
917. PMID: 7983118.



15 Kim YH, Kim VE. Early migration of uncemented porous coated anatomic KANS AS ]OURN AL i f MEDICINE

femoral component related to aseptic loosening. Clin Orthop Relat Res1993;
(295):146-155. PMID: 8403640. RADIOGRAPHIC ASSESSMENT OF FEMORAL STEM
1o Streit MR, Haecussler D, Bruckner T, et al. Early migration predicts IMPLANTS AFTER THA

aseptic loosening of cementless femoral stems: A long-term study. Clin continued.

Orthop Relat Res 2016; 474(7):1697-1706. PMID: 27130649.

17" Braito M, Liebensteiner M, Dammerer D, Krismer M, Pfurner M, Bieder-
mann R. Poor accuracy of plain radiographic measurements of prosthetic
migration and alignment in total ankle replacement. J Orthop Surg Res 2015;
10:71. PMID: 259806485.

18 Knutsen A, Avoian T, Borkowski SL, Ebramzadeh E, Zionts LE, San-
giorgio SN. Accuracy of radiographs in assessment of displacement in
lateral humeral condyle fractures. J Child Orthop 2014; 8(1):83-89. PMID:
24488177.

19 Nystrom LM, McKinley TO, Marsh JL. Accuracy in radiographic assess-
ment of pelvic ring fracture deformity: Analysis of current methods. J Orthop
Trauma 2013; 27(12):708-715. PMID: 23681407.

20 Malchau H, Kéarrholm J, Wang YX, Herberts P. Accuracy of migra-
tion analysis in hip arthroplasty. Digitized and conventional radiography,
compared to radiostereometry in 51 patients. Acta Orthop Scand 1995;
0606(5):418-424. PMID: 7484121.

21 Al-Najjim M, Khattak U, Sim J, Chambers I. Differences in subsidence
rate between alternative designs of a commonly used uncemented femoral
stem. J Orthop 2016; 13(4):322-326. PMID: 27436922.

22 Cordero-Ampuero J, Penalver P, Anton R, Galan M, Cordero E. Radio-
graphic subsidence in asymptomatic patients after THR using the furlong
active HAP stem. HSS J 2013; 9(2):161-165. PMID: 24426863.

2 Simpson DJ, Kendrick BJ, Hughes M, et al. The migration patterns of
two versions of the furlong cementless femoral stem: A randomised, con-
trolled trial using radiostereometric analysis. J Bone Joint Surg Br 2010;
92(10):1356-1362. PMID: 20884971.

2 Barker TM, Donnelly W.J. Automated image analysis technique for mea-
surement of femoral component subsidence in total hip joint replacement.
Med Eng Phys 2003; 25(2):91-97. PMID: 125380063.

% Seballe K, Toksvig-Larsen S, Gelineck J, et al. Migration of hydroxyapa-
tite coated femoral prostheses. A Roentgen Stereophotogrammetric study. J
Bone Joint Surg Br 1993; 75(5):681-687. PMID: 8397213,

20 Franzén H, Mjoberg B, Onnerfilt R. Early loosening of femoral compo-
nents after cemented revision. A roentgen stereophotogrammetric study. J
Bone Joint Surg Br 1992; 74(5):721-724. Erratum in: J Bone Joint Surg Br
1993;75(1):169. PMID: 1527121.

27 Ilchmann T, Franzén H, Mjoberg B, Wingstrand H. Measurement accu-
racy in acetabular cup migration. A comparison of four radiologic methods
versus roentgen stereophotogrammetric analysis. J Arthroplasty 1992;
7(2):121-127. PMID: 1613517.

% Wykman A, Lundberg A. Subsidence of porous coated noncemented
femoral components in total hip arthroplasty. A roentgen stereophotogram-
metric analysis. J Arthroplasty 1992; 7(2):197-200. PMID: 1613530.

2 Nistor L, Blaha JD, Kjellstrom U, Selvik G. In vivo measurements of rela-
tive motion between an uncemented femoral total hip component and the
femur by roentgen stereophotogrammetric analysis. Clin Orthop Relat Res
1991; (269):220-227. PMID: 1864042.

30 Selvik G. Roentgen stereophotogrammetry. A method for the study of the
kinematics of the skeletal system. Acta Orthop Scand Suppl 1989; 232:1-51.
PMID: 2686344.

31 Biedermann R, Stockl B, Krismer M, Mayrhofer P, Ornstein E, Franzén H.
Evaluation of accuracy and precision of bone markers for the measurement
of' migration of hip prostheses. A comparison of conventional measurements.
J Bone Joint Surg Br 2001; 83(5):767-771. PMI1D: 11476 320.

Keywords: radiography, hip replacement arthroplasty, hip dislocation, bone-
implant interface, biomechanical phemomena



