
Acta Orthop Traumatol Turc 2013;47(2):96-103
doi:10.3944/AOTT.2013.2978

ORIGINAL ARTICLE

Correspondence: Carmen Leichtle, MD. University Hospital Tübingen, 
Department of Orthopaedics Hoppe-Seyler-Str 3, 72076, Tübingen, Germany.

Tel: +49-7071 29 86685   e-mail: Carmen.Leichtle@med.uni-tuebingen.de

Submitted: July 6, 2012   Accepted: December 13, 2012

©2013 Turkish Association of Orthopaedics and Traumatology

Available online at 
www.aott.org.tr

doi:10.3944/AOTT.2013.2978
QR (Quick Response) Code:

Objective: The aim of this study was to analyze the setting for dislocations and redislocations after pri-
mary and revision total hip arthroplasty (THA), identify risk factors and optimize treatment.
Methods: This study included 56 patients with a dislocated hip following THA (n=5,205) between 1984
and 2005 and a matched control group (n=55). Hospital charts and radiographs of all patients in both
groups were analyzed. Thirty-one patients in the study group were followed both clinically and radiolog-
ically.  
Results: The dislocation rate after primary THA was 1.1% (56/5,205) and the redislocation rate after
a first occurrence was as high as 39%. There was a positive correlation between the time intervals from
the surgery to first dislocation and from the first dislocation to second dislocation (r=0.4). Most of the
primary dislocations occurred within a short period of time after surgery, thus favoring consecutive dis-
locations. Female gender, as well as revision arthroplasty, was associated with a higher incidence of dis-
locations. No relation was found between the orientation of the acetabular cup and dislocation.
Conclusion: To prevent redislocations after the first occurrence, we suggest thorough evaluation of
possible technical faults which should be addressed surgically. Considering the high redislocation rate,
we also advocate a stringent conservative treatment regime especially after the first THA dislocation.
Key words: Dislocation; total hip arthroplasty; treatment.

Total hip arthroplasty (THA) is one of the most fre-
quently performed orthopaedic procedures, with over
200,000 primary arthroplasties in Germany each year.
A considerable number of complications which have
major influence on the postoperative outcome may
occur during and after surgery. In addition to aseptic
loosening of the prosthesis, intraoperative incidents,
infection and heterotopic ossification, dislocation fol-
lowing THA is an important complication because it
usually is very painful, may result in restriction of
mobility and may cause mental stress to the patient.[1-6]

Dislocations after THA most commonly occur pos-
teriorly, usually resulting from hip flexion, adduction,
and internal rotation.[4,7] This typically may occur when
the patient uses the restroom and bends forward. The
frequency of dislocation after primary THA is between
2% and 3%. A markedly higher frequency of between
9% and 21% has been reported following revision
THA.[4,6,8-10] Dislocation after THA may result from
several factors[8,11-20] with the highest risk occurring in
the first few postoperative weeks.[11,20,21] Patient-specific
factors such as advanced age and female sex may be
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associated with a higher frequency of THA disloca-
tion,[8,18,20] while weight has no influence.[19] Other fac-
tors such as surgical approach, experience of the sur-
geon and implant factors such as offset, head diameter
and positioning of the components may be impor-
tant.[14,15,17,20,22] The positioning of the acetabular cup and
femoral stem may influence the stability of a THA. A
diminished femoral offset and/or anteversion may
cause impingement of the components, which also is a
risk factor for dislocation.[18,19,23,24]

Computer-assisted navigation has been developed to
improve intraoperative acetabular cup positioning.
Navigation systems usually use the pelvic inlet plane to
detect and account for the frequent changes in pelvic
position during implantation.[25,26] These systems also
help the surgeon select the correct inclination and antev-
ersion for the implant.[25] However, adequate orientation
of the acetabular cup may be difficult in many patients
due to excessive weight or the use of smaller incisions. 

Despite advances in THA during the past few
decades, postoperative dislocation still occurs. While the
effect of acetabular cup position has been reviewed
extensively using different measurement methods, stud-
ies have not taken into account the pelvic tilt on the
radiographic film, which may strongly influence the cup
projection and limit the accuracy of measurements.[25]

The aim of the current study was to evaluate the
frequency of hip joint dislocation after THA, including
redislocation, and their associated risk factors and
treatment strategy. In addition, we aimed to determine
the acetabular cup position with a recently developed
plain radiographic method[25] and explore the influence
of cup position on the dislocation rate.

Patients and methods
Between 1984 and 2005, 5,205 THAs were performed
at the Department of Orthopaedics in the University
Hospital Tübingen. This study included the 56
patients with dislocation following THA (Group 1)
and a control group of 55 patients without dislocation
(Group 2) matched with the dislocated patients for age,
preoperative diagnosis, operative approach, and surgi-
cal site. 

Hospital charts and radiographs were retrospective-
ly evaluated for patient age, sex, body mass index (BMI),
preoperative diagnosis, secondary diagnoses, and hip
range of motion. Frequency, mechanism, timing, direc-
tion of dislocation and treatment performed as well as
implant-specific data such as head diameter and offset
were noted for patients in Group 1. In addition, 31
patients in Group 1 with an in situ original acetabular
cup were followed clinically using the Harris Hip Score.
The study was approved by the local ethics committee.

Preoperative and postoperative radiographs of the
pelvis were used to determine inclination and antever-
sion of the acetabular cup in all patients using the con-
ventional method described by Ackland.[27] The gener-
al positioning of the implant components was also ana-
lyzed (Fig. 1). For the 31 Group 1 patients with the
original acetabular cup, the method described by
Lembeck at al. to measure inclination and anteversion
of the acetabular cup was also used.[25] Therefore, radi-
ographs of the pelvis in the anteroposterior position
and with a 40° rotated X-ray tube were performed and
the pelvic tilt was measured using the previously
described pelvic scale.[25]

The transgluteal surgical approach was used in all
patients. After opening the fascia lata, the gluteus
medius and gluteus minimus muscles were split to
reach the anterolateral part of the capsule, which was
opened with a T-shaped incision and resected. After
implantation of the prosthesis, the capsule was left
open and the muscles were sutured closed. 

Statistical analysis was performed using the two-sam-
ple t-test, Wilcoxon test, Fisher’s exact test, maximum-
likelihood estimation and Pearson correlation with JMP®

version 5.1 software (SAS Institute Inc., Cary, NC,
USA). Level of significance was p≤0.05. Descriptive sta-
tistics included arithmetic mean, standard deviation and
median.

Results
In Group 1 48 patients (86%) and in Group 2 44
patients (80%) were overweight.

Fig. 1. Anteroposterior radiograph of the pelvis after right total hip
arthroplasty. (a: medial/lateral position of the cup; b: femoral
offset; c: cranial/caudal position of the cup).
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There were a total of 91 dislocations in the 56
patients in Group 1. Recurrent dislocation occurred in
22 patients (39%); 11 patients had 2 dislocations each,
9 patients had 3 dislocations each and 2 patients had 4
dislocations each. There were 36 posterior, 21 anteri-
or and 34 cranial dislocations (Fig. 2).

The most frequent incidents that resulted in dislo-
cation included hyperflexion with adduction, deep
seating, and bending (Table 1). The direction or
mechanism of the dislocation could not be identified in
13 dislocations (Table 1). 

The median postoperative time before the first dis-
location was 4 weeks. There were 68 dislocations
(75%) occurring within the first 3 months and 80 dis-
locations (88%) within the first 12 months after sur-
gery. Only 11 dislocations (12%) occurred later than
12 months after surgery (Fig. 3).

First-time dislocation was defined as early (≤6
weeks after THA) in 24 patients (43%) and late (>6
weeks after THA) in 32 (57%). A second dislocation
occurred in 11 patients (46%) after an early dislocation
and in 11 patients (34%) after a late dislocation. There
was a positive correlation between the time intervals
from the surgery to first dislocation and from the first
dislocation to second dislocation (r=0.4). 

Closed reduction was performed in 48 patients
(86%) and revision surgery in 8 patients (14%) follow-
ing the first dislocation (Fig. 4). Closed reduction was
attempted in all patients with the exception of one

patient with an aseptic loosening of the acetabular cup
and one patient with an aseptic loosening of the
femoral stem. In one patient, closed reduction was not
successful because of soft tissue interposition, there-
fore open reduction was necessary. In one case, revi-
sion surgery was performed because of clear malposi-
tioning of the acetabular cup associated with a severe
instability. In four patients, revision surgery was per-
formed due to severe instability in functional examina-
tion directly after closed reduction. Treatment plans
following THA reduction is given in Table 2. Therapy
using a Hohmann antiluxation-bandage was used more
frequently and for a longer duration following redislo-
cations (Fig. 5). There was no significant difference in
mean Harris Hip Score between patients with single
and multiple dislocations (p>0.05).

Fig. 2. Treatment course for all 91 dislocations of total hip arthroplasty in 56 patients.

Cause Number of 
dislocations (%)

Hyperflexion and adduction 31 (34)

Deep seating 12 (13) 

Bending 12 (13)
Getting up 11 (12)
Rotational movement in bed 7 (8)
Walking 5 (5)
No specific incident 13 (14)
Total 91 (100)

Table 1. Cause of dislocation of total hip arthroplasty in 56
patients.
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Female gender (Group 1: 64.3%; Group 2: 34.6%)
as well as revision arthroplasty (Group 1: 26.8%;
Group 2: 0%) were associated with a higher incidence

of dislocations. There was no significant difference in
mean head diameters and neck length between the
patients with and without dislocation (p>0.05).

Mean acetabular cup inclination (conventional
measurement) was 42° for Group 1 and 43° for Group
2. There was no significant difference between the two
groups (p>0.79). There was also no difference in
acetabular cup torsion between Group 1 (mean: 14.5°)
and 2 (mean 15.0°). Regarding inclination and torsion,
the majority of cups in both groups (56% and 61%,
p>0.05) were positioned in the “safe zone” defined by
Lewinnek et al.[16] Evaluation of component position
revealed no significant differences between the two
groups (Fig. 1, Table 3).

The mean difference between the conventional and
newly developed measurement methods concerning
cup inclination and torsion was 3.0° and 6.5° for Group
1 and 2.8° and 6.4° for Group 2, respectively. 

Discussion
Dislocation after THA remains an unsolved problem
and agreement on the risk factors is limited.[6,28-30]

Fraction of undislocated THA
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Fig. 3. Kaplan-Meier curve for the first 50 postoperative weeks
showing time course of dislocations after total hip arthro-
plasty.

Fig. 4. Anteroposterior radiograph of the left
hip joint shows a cranially dislocated
total hip arthroplasty, even though the
acetabular cup is in a proper position.

Fig. 5. The Hohmann antiluxation bandage
(Brillinger GmbH & Co., Tübingen,
Germany) with their integrated lateral
splints limits external rotation and
adduction in cases of an “instable hip
joint”. [Color figure can be viewed in
the online issue, which is available at
www.aott.org.tr]
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Multiple factors may result in dislocation and the
reported number of dislocations has remained steady
over the past few decades despite advanced implant
systems and highly experienced surgeons.[20] The inci-
dence of THA dislocations is between 2% and
21%.[18,31-35] This wide range can be explained by differ-
ent study designs, implant types, surgical approaches,
patient selection and surgeon experience. 

Different treatment protocols exist for dislocated
THA including a more or less stringent immobiliza-
tion period. Usually, after closed reduction, we prefer
a temporary immobilization of the patient in a cast
with an attached rod that maintains the leg in 0° to 10°
internal rotation, followed by a preventive bandage
(such as a Hohmann bandage) that allows extension
and flexion of the hip joint but limits external rotation.
Open reduction is rarely necessary; in such patients,
the position of the components is evaluated and revised
if indicated.[36-39]

In the present study, patients who underwent a
transgluteal approach with an anterior capsulectomy
had a low dislocation frequency (1.1%), comparable to
previous studies.[40,41] The type of the surgical approach
(anterior, posterior, or transgluteal) and the capsular
repair and repair of the external rotators, especially
with the posterolateral approach, may influence the

dislocation frequency.[40,41] A dislocation frequency of
4.8% after capsulectomy and 0.7% after capsular repair
has been reported following the posterolateral
approach.[40,41] Higher dislocation frequencies (9% to
21%) have been reported after revision THA.[6,8,10]

These scores have been attributed to the greater tech-
nical difficulty, loss of bone and soft tissue and pres-
ence of scar tissue. Repeat dislocation after reduction
occurred in 39% of the present patients, similar to the
previously published data.[14] 

The most common cause of dislocation in our
patients was movement in flexion and adduction (Table
1). The risk of dislocation was especially high in the first
few postoperative weeks,[42] presumably because the soft
tissues and the stabilizing muscles had not yet healed;
50% of dislocations occurred within the first 4 postop-
erative weeks, similar to previous studies.[11,14]

In the present study, early dislocation was a risk fac-
tor for recurrent dislocation, similar to previous work
in which other risk factors were identified, including
component malposition, tissue tension, implant design,
experience of the surgeon, and preoperative diagno-
sis.[43] Initial treatment after reduction of THA with
cast immobilization followed by a supporting bandage
was successful in most patients (86%) and also has been
recommended in other studies.[20,21,43]

Type of treatment First dislocation Recurrent dislocation

Number of patients Mean duration Number of patients Mean duration
(%) (%)

Cast 14 (25) 2.5 weeks 4 (11) 3 weeks 
Bandage* 10 (18) 3.5 months 19 (54) 5 months
Cast and bandage* 26 (46) 2.5 weeks and 3.5 months 6 (17) 2 weeks and 7 months
No special treatment 6 (11) - 6 (17) -
Total 56 (100) - 35 (63)

*Hohmann bandage

Table 2. Treatment after reduction of dislocation of total hip arthroplasty in 56 patients.

Radiographic parameter Group 1 Group 2 p†

(Dislocation) (No dislocation)

Number of patients 56 55
Acetabular cup inclination (°)‡ 42 43 NS
Acetabular cup anteversion (°)‡ 14.5 15 NS
Number (%) of acetabular cups in safe zone§ 31 (56) 34 (61) NS
Medialization of cup (mm) -6±1 -3±1 NS
Femoral offset (mm) 5±2 6±2 NS
Cranialization of cup (mm) 3±1 1±1 NS

*Data reported as mean; number (percent); or mean±SD; †NS: not significant (p>0.05); ‡Inclination and anteversion meas-
ured according to Ackland et al.[27]; §Safe zone as defined by Lewinnek et al.[34]

Table 3. Relation between dislocation and radiographic parameters of total hip arthroplasty.*
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The present data also showed that the time between
surgery and first dislocation was a predictor of recur-
rent dislocation, possibly because of the different caus-
es for early and late dislocations. Although insufficient
soft tissue tension and absent scar formation may cause
early dislocation, late dislocation is more likely caused
by malposition of implants, neurologic or psychiatric
disorders, trauma or implant wear.[43-45]

No consensus on the contribution of sex as a risk
factor for dislocation has been reached.[6,10,20,40,46,47] In the
present study, women had a higher dislocation rate,
consistent with some studies[20,46,47] but in contrast to
others.[6,10,40] Excess weight was not a risk factor in the
present study.[19,48]

All 8 patients treated with open revision surgery
after the first dislocation did not develop an additional
dislocation (Fig. 4), most likely because revision in
these patients were due to component-related prob-
lems. A common technical complication associated
with dislocation is inaccurate anteversion of the acetab-
ular cup, which may occur as often the surgeon cannot
precisely determine the position of the patient on the
operating table.[37,49-51] Intraoperative computer-assisted
navigation may decrease this potential chance of
error.[26,51,52]

Acetabular cup position is an important risk factor
for THA dislocation.[2,5,11,34,35,53] A “safe zone” had been
defined previously as 45°±10° for inclination and
15°±10° for anteversion.[16] In a study with a larger pop-
ulation without standardized measurement, almost
50% of dislocated THAs had high anteversion or incli-
nation,[11] but other studies could not confirm these
results.[10] These inconsistencies may be caused by dif-
ferent and imprecise radiographic measurement meth-
ods. In some studies, the radiographic method had not
been described.[50,54] In the present study, there was no
association between the occurrence of dislocation and
cup position, femoral offset or head diameter. This
suggests that there may be a wide range of acceptable
implant positions and that multiple causes may con-
tribute to dislocation.

Various methods have been developed to avoid
incorrect measurement of acetabular cup position.[25,54]

Applying the present methods, most acetabular cups
were within the “safe zone”, without any significant
difference between patients with or without dislocation
(Table 3).[30] Therefore, no acetabular cup position
gave full protection against dislocation. Although a
well-positioned acetabular cup does not guarantee a
stable THA, cup position is a key issue in dislocation.
A precise method to measure cup position may help
create guidelines which may avoid inaccurate measure-
ments that could result in technical errors during revi-

sion arthroplasty. The present data show that measur-
ing acetabular cup position is inaccurate using the
common methods of measurement.

Several measures should be taken for prevention of
THA dislocation. Patient instruction is very important,
including exercises on how to move and act after the
surgery, with emphasis on activities of daily living such
as getting out of bed, sitting, getting up, and using a
car.[55] Applying an abduction-wedge and a foam posi-
tioning aid for the operated leg in the operating room
immediately after surgery reduces range of motion
during the first few postoperative days and may pre-
vent dislocation. 

In conclusion, THA dislocation is a serious compli-
cation that may be attributed to multiple factors. To
prevent redislocations, we suggest the thorough evalu-
ation of possible technical faults concerning position-
ing of the acetabular cup and femoral stem, femoral
offset, soft tissue tension and tendency to redislocate
during closed reduction maneuvers. If this is the case,
revision arthroplasty should be performed.
Considering the high redislocation rate and the posi-
tive correlation between the time intervals, we also
advocate a stringent conservative treatment regime
especially after the first THA dislocation.

Conflicts of Interest: No conflicts declared.

References
1. Buly RL, Huo MH, Salvati E, Brien W, Bansal M. Titanium

wear debris in failed cemented total hip arthroplasty. An
analysis of 71 cases. J Arthroplasty 1992;7:315-23.

2. Coventry MB, Beckenbaugh RD, Nolan DR, Ilstrup DM.
2,012 total hip arthroplasties. A study of postoperative
course and early complications. J Bone Joint Surg Am 1974;
56:273-84.

3. D'Antonio JA. Periprosthetic bone loss of the acetabulum.
Classification and management. Orthop Clin North Am
1992;23:279-90.

4. Gächter A. Recurrent dislocation of the hip prosthesis.
[Article in German] Orthopade 1989;18:533-9.

5. McCollum DE, Gray WJ. Dislocation after total hip arthro-
plasty. Causes and prevention. Clin Orthop Relat Res
1990;(261):159-70.

6. Turner RS. Postoperative total hip prosthetic femoral head
dislocations. Incidence, etiologic factors, and management.
Clin Orthop Relat Res 1994;(301):196-204.

7. Grossmann P, Braun M, Becker W. Dislocation following
total hip endoprosthesis. Association with surgical approach
and other factors. [Article in German] Z Orthop Ihre
Grenzgeb 1994;132:521-6.

8. Fackler CD, Poss R. Dislocation in total hip arthroplasties.
Clin Orthop Relat Res 1980;(151):169-78.

9. Nicholas RM, Orr JF, Mollan RA, Calderwood JW, Nixon
JR, Watson P. Dislocation of total hip replacements. A com-
parative study of standard, long posterior wall and augment-
ed acetabular components. J Bone Joint Surg Br 1990;72:
418-22.



102 Acta Orthop Traumatol Turc

10. Paterno SA, Lachiewicz PF, Kelley SS. The influence of
patient-related factors and the position of the acetabular
component on the rate of dislocation after total hip replace-
ment. J Bone Joint Surg Am 1997;79:1202-10.

11. Ali Khan MA, Brakenbury PH, Reynolds IS. Dislocation fol-
lowing total hip replacement. J Bone Joint Surg Br 1981;63:
214-8.

12. Berry DJ, von Knoch M, Schleck CD, Harmsen WS. The
cumulative long-term risk of dislocation after primary
Charnley total hip arthroplasty. J Bone Joint Surg Am 2004;
86:9-14.

13. Dorr LD, Wan Z. Causes of and treatment protocol for
instability of total hip replacement. Clin Orthop Relat Res
1998;(355):144-51.

14. Kohn D, Rühmann O, Wirth CJ. Dislocation of total hip
endoprosthesis with special reference to various techniques.
[Article in German] Z Orthop Ihre Grenzgeb 1997;135:40-4.

15. Lawton RL, Morrey BF. Dislocation after long-necked total
hip arthroplasty. Clin Orthop Relat Res 2004;(422):164-6.

16. Lewinnek GE, Lewis JL, Tarr R, Compere CL, Zimmerman
JR. Dislocations after total hip-replacement arthroplasties. J
Bone Joint Surg Am 1978;60:217-20.

17. Mallory TH, Vaughn BK, Lombardi AV Jr, Kraus TJ.
Prophylactic use of a hip cast-brace following primary and
revision total hip arthroplasty. Orthop Rev 1988;17:178-83.

18. Morrey BF. Difficult complications after hip joint replace-
ment. Dislocation. Clin Orthop Relat Res 1997;(344):179-
87.

19. Padgett DE, Warashina H. The unstable total hip replace-
ment. Clin Orthop Relat Res 2004;(420):72-9.

20. Woo RY, Morrey BF. Dislocations after total hip arthroplas-
ty. J Bone Joint Surg Am 1982;64:1295-306.

21. Lindberg HO, Carlsson AS, Gentz CF, Pettersson H.
Recurrent and non-recurrent dislocation following total hip
arthroplasty. Acta Orthop Scand 1982;53:947-52.

22. Beaulé PE, Schmalzried TP, Udomkiat P, Amstutz HC.
Jumbo femoral head for the treatment of recurrent disloca-
tion following total hip replacement. J Bone Joint Surg Am
2002;84:256-63.

23. Robinson RP, Simonian PT, Gradisar IM, Ching RP. Joint
motion and surface contact area related to component posi-
tion in total hip arthroplasty. J Bone Joint Surg Br 1997;79:
140-6.

24. Herrlin K, Selvik G, Pettersson H, Kesek P, Onnerfält R,
Ohlin A. Position, orientation and component interaction in
dislocation of the total hip prosthesis. Acta Radiol 1988;29:
441-4.

25. Lembeck B, Mueller O, Reize P, Wuelker N. Pelvic tilt
makes acetabular cup navigation inaccurate. Acta Orthop
2005;76:517-23.

26. Saxler G, Marx A, Vandevelde D, Langlotz U, Tannast M,
Wiese M, et al. Cup placement in hip replacement surgery -
A comparison of free-hand and computer assisted cup place-
ment in total hip arthroplasty - a multi-center study. [Article
in German] Z Orthop Ihre Grenzgeb 2004;142:286-91.

27. Ackland MK, Bourne WB, Uhthoff HK. Anteversion of the
acetabular cup. Measurement of angle after total hip replace-
ment. J Bone Joint Surg Br 1986;68:409-13.

28. D'Lima DD, Chen PC, Colwell CW Jr. Optimizing acetab-
ular component position to minimize impingement and
reduce contact stress. J Bone Joint Surg Am 2001;83-A Suppl
2 Pt 2:87-91.

29. Noble PC. Biomechanics of dislocation after total hip
replacement. Curr Opin Orthop 2001;12:79-84.

30. Yuan L, Shih C. Dislocation after total hip arthroplasty.
Arch Orthop Trauma Surg 1999;119:263-6.

31. Eftekhar NS. Dislocation and instability complicating low
friction arthroplasty of the hip joint. 1976. Clin Orthop
Relat Res 2006;453:1-5.

32. Hedlundh U, Hybbinette CH, Fredin H. Influence of surgi-
cal approach on dislocations after Charnley hip arthroplasty.
J Arthroplasty 1995;10:609-14.

33. Hedlundh U, Ahnfelt L, Hybbinette CH, Weckstrom J,
Fredin H. Surgical experience related to dislocations after
total hip arthroplasty. J Bone Joint Surg Br 1996;78:206-9.

34. Morrey BF. Instability after total hip arthroplasty. Orthop
Clin North Am 1992;23:237-48.

35. Ritter MA. Dislocation and subluxation of the total hip
replacement. Clin Orthop Relat Res 1976;(121):92-4.

36. Bader R, Steinhauser E, Scholz R, Simnacher M,
Mittelmeier W. Experimental analysis of neutral, asymmet-
ric and constraint liners for total hip replacement: investiga-
tion of range of motion and protection against joint instabil-
ity. [Article in German] Z Orthop Ihre Grenzgeb 2004;
142:577-85.

37. Dorr LD, Wolf AW, Chandler R, Conaty JP. Classification
and treatment of dislocations of total hip arthroplasty. Clin
Orthop Relat Res 1983;(173):151-8.

38. Pollard JA, Daum WJ, Uchida T. Can simple radiographs be
predictive of total hip dislocation? J Arthroplasty 1995;10:
800-4.

39. Shrader MW, Parvizi J, Lewallen DG. The use of a con-
strained acetabular component to treat instability after total
hip arthroplasty. J Bone Joint Surg Am 2003;85:2179-83.

40. Jolles BM, Zangger P, Leyvraz PF. Factors predisposing to
dislocation after primary total hip arthroplasty: a multivari-
ate analysis. J Arthroplasty 2002;17:282-8.

41. Mallory TH, Lombardi AV Jr, Fada RA, Herrington SM,
Eberle RW. Dislocation after total hip arthroplasty using the
anterolateral abductor split approach. Clin Orthop Relat Res
1999;(358):166-72.

42. Shapiro GS, Weiland D, Sculco TP, Padgett DE, Pellicci
PM. The use of a constrained acetabular component for
recurrent dislocation. Instr Course Lect 2001;50:281-7.

43. Joshi A, Lee CM, Markovic L, Vlatis G, Murphy JC.
Prognosis of dislocation after total hip arthroplasty. J
Arthroplasty 1998;13:17-21.

44. Daly PJ, Morrey BF. Operative correction of an unstable
total hip arthroplasty. J Bone Joint Surg Am 1992;74:1334-
43.

45. von Knoch M, Berry DJ, Harmsen WS, Morrey BF. Late
dislocation after total hip arthroplasty. J Bone Joint Surg Am
2002;84:1949-53.

46. Coventry MB. Late dislocations in patients with Charnley
total hip arthroplasty. J Bone Joint Surg Am 1985;67:832-41.

47. Hedlundh U, Karlsson M, Ringsberg K, Besjakov J, Fredin
H. Muscular and neurologic function in patients with recur-
rent dislocation after total hip arthroplasty: a matched con-
trolled study of 65 patients using dual-energy X-ray absorp-
tiometry and postural stability tests. J Arthroplasty 1999;14:
319-25.

48. Giurea A, Zehetgruber H, Funovics P, Grampp S, Karamat L,
Gottsauner-Wolf F. Risk factors for dislocation of a cement-
less total hip endoprosthesis - a statistical analysis. [Article in
German] Z Orthop Ihre Grenzgeb 2001;139:194-9.



Leichtle et al. Dislocation after total hip arthroplasty 103

49. DiGioia AM, Jaramaz B, Blackwell M, Simon DA, Morgan
F, Moody JE, et al. The Otto Aufranc Award. Image guided
navigation system to measure intraoperatively acetabular
implant alignment. Clin Orthop Relat Res 1998;(355):8-22.

50. Jaramaz B, DiGioia AM 3rd, Blackwell M, Nikou C.
Computer assisted measurement of cup placement in total
hip replacement. Clin Orthop Relat Res 1998;(354):70-81.

51. Leichtle U, Gosselke N, Wirth CJ, Rudert M. Radiologic
evaluation of cup placement variation in conventional total
hip arthroplasty. [Article in German] Rofo 2007;179:46-52.

52. Honl M, Schwieger K, Gauck CH, Lampe F, Morlock MM,
Wimmer MA, et al. Comparison of total hip replacements

cup orientation and position. Navigation vs. conventional
manual implantation of hip prostheses. [Article in German]
Orthopade 2005;34:1131-6.

53. Kristiansen B, Jørgensen L, Hölmich P. Dislocation follow-
ing total hip arthroplasty. Arch Orthop Trauma Surg
1985;103:375-7.

54. Rössig S, Kohn D. Improved radiological imaging of acetab-
ular screw socket. [Article in German] Z Orthop Ihre
Grenzgeb 1996;134:36-43.

55. Mauerhan DR, Lonergan RP, Mokris JG, Kiebzak GM.
Relationship between length of stay and dislocation rate after
total hip arthroplasty. J Arthroplasty 2003;18:963-7.


