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Abstract

Study design Retrospective review of prospectively col-

lected data.

Objective To investigate the incidence of hip dislocation

90 days after total hip arthroplasty in relation to time after

surgery, mechanism of dislocation and predisposing

factors.

Methods Prospective data on preoperative patient char-

acteristics from six Danish arthroplasty departments with

similar fast-track approaches were cross-referenced with

the Danish National Patient Registry for complete 90-day

follow-up on readmissions, including emergency-room

contacts. Complete patient files and postoperative radio-

graphs were reviewed in case of dislocations. Unadjusted

comparisons were made using t test/Chi-square analyses,

while evaluation of risk factors potentially predisposing to

dislocations was done using uni- and multivariate regres-

sion analysis.

Results A total of 2,734 consecutive unselected proce-

dures were available for analysis, of which 65 (2.4 %) had

dislocations. Of these, eight were during index admission

and five were treated and discharged from the emergency

room. Mechanisms of dislocation were most often move-

ment while supine or sitting for the first 30 days and due to

squatting/bending from day 31 to 90. The 65 patients with

dislocations had suboptimal cup placement in 34 (52.3 %),

and a femoral head size of \36 mm in 20 (30.8 %) cases.

Predisposing factors of dislocation were age C75 [OR:1.96

(1.18–3.38)], pharmacologically treated psychiatric disease

[OR:2.37 (1.29–4.36)] and department of surgery [OR:2.27

(1.31–3.40)] but not hospital stay of\4 days. Departments

with recommendations for activity restrictions had fewer

dislocations than a department without restrictions.

Conclusions Patients C75 years and with pharmacologi-

cally treated psychiatric disease may be at increased risk of

dislocations after fast-track total hip arthroplasty. Further

studies including detailed information on patient and

prosthesis characteristics, and activity restrictions are

needed to reduce the risk of dislocation.

Keywords Hip dislocation � Hip arthroplasty � Fast-track

surgery � Patient safety

Introduction

Hip dislocation (HD) is one of the most common ‘‘surgi-

cal’’ complications after total hip arthroplasty (THA), and

accounts for 12–22 % of all reoperations after primary

THA in Scandinavia [1–3]. The risk of HD is thought to be

influenced by surgical factors, e.g. surgical approach [4–6]

and femoral head size [2, 4, 7], as well as patient charac-

teristics such as age and various comorbidities [4, 8–10].
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However, most studies on HD are based on large national

registers [2, 4] with limited information on perioperative

treatment and patient comorbidity as well as potential

incomplete registration on dislocations treated with

reduction in the emergency room, or single-centre studies

with limited sample sizes [11–13] and long study periods

[5, 14]. Thus, detailed interpretation regarding pathogenic

mechanisms and preventive strategies is problematic. This

may be especially important considering the implementa-

tion of enhanced perioperative care protocols, so called

‘‘fast-track’’ surgery, which has resulted in enhanced

recovery with decreased postoperative morbidity and con-

sequently reduced length of hospital stay (LOS) [15, 16].

Early mobilization is a cornerstone in fast-track surgery

[15, 17], but could potentially influence the rate of early

HD as patients are both mobilized and returning to a higher

level of activity earlier. Also, the reduction in LOS has led

to concerns about a potential increase in fatal complica-

tions occurring after discharge [18] and although general

morbidity has been reduced [19–21] there is limited

knowledge about specific aspects of patient safety in fast-

track THA.

The objectives of the present hypothesis generating

observational study were (1) to report the incidence, timing

and mechanisms of HD during the first 90 days after sur-

gery, (2) to investigate patient-related factors potentially

disposing to HD, and (3) to describe head size, cup

placement and postoperative restriction guidelines in the

patients who had HD.

Patients and methods

All patients having elective unilateral fast-track THA in six

centres participating in the Lundbeck Centre for Fast-track

Hip and Knee Replacement Collaboration database

(LCDB) between Jan 1st 2010 and Dec 1st 2011 were

included in this study. Patients were excluded in case of age

\18, no Danish social security number, other major joint

arthroplasty or orthopaedic surgery on the lower extremity

\3 months previously and THA planned as non-elective

procedure (Fig. 1) [20]. The present study is based on a

study registry intended for studies of patient-related risk

factors and safety outcomes after THA and TKA and

registered on ClinicalTrials.org (ID: NCT01515670). All

participating centres are ‘‘high volume’’ centres performing

[250 procedures yearly with a median LOS of 2–3 days.

The posterolateral approach was used in all patients, while

choice of prosthesis components was at the discretion of

the attending surgeon. Cemented or uncemented concepts

were used according to the usual practice of the depart-

ments. The centres all have a similar standardized fast-

track perioperative setup, including spinal anaesthesia,

fluid plans, multimodal opioid-sparing analgesia, early

mobilization and standardized discharge criteria with dis-

charge to own home [22]. General postoperative restric-

tions for the first 3 months were used as the standard in five

of six departments (no flexion of the hip beyond 90�, no leg

crossing, no internal rotation, and mandatory use of aids

(e.g. elevated toilet)).

The LCDB includes preoperative information on

patient-related factors such as living alone/with others and

medical comorbidity. These data are prospectively col-

lected using a patient-reported questionnaire with staff

available for clarifications and are subsequently entered in

the LCDB which has a data completeness of [95 % [20].

Data on psychiatric disease were further validated using the

Danish National Database on Reimbursed Prescriptions

which records any prescription with reimbursement dis-

pensed at any Danish pharmacy [23]. Information on LOS,

readmissions and emergency-room contacts within 90 days

postoperatively, and mortality was registered through the

DNPR, hereby assuring complete follow-up [24]. LOS was

calculated as number of postoperative nights spent in

hospital until discharge, including transferrals between

wards. A LOS of [4 days was considered as ‘‘prolonged’’

admission and the discharge papers were investigated to

determine the cause. In patients with HD the entire medical

record was reviewed to verify and determine the mecha-

nism of HD. All readmissions and emergency-room con-

tacts were investigated to determine potential relation to

surgery, as described in a previous study including some of

the present procedures [20]. Readmissions were calculated

on a ‘‘per procedure’’ basis with only readmissions con-

sidered surgery-related and with overnight stay in hospital

being included. In case of HD details on the index surgical

procedure and prosthesis components as well as the entire

medical record of the admission were reviewed to elucidate

the mechanisms of HD. In case of multiple HD only the

first occurrence was evaluated. We also reviewed the

medical records of any patient with possible HD unmen-

tioned in the discharge papers (falls and other reoperations)

to avoid overlooking any HD.

Patients identified as having HD had their early post-

operative and post-dislocation radiographs reviewed by

two senior orthopaedic consultants specialized in THA (SS

and PKA). Cup placement was deemed ‘‘sub-optimal’’

(SOP) if outside 36–60� inclination in the anterior–pos-

terior plane and/or without anteversion in the lateral plane,

defined as a position of the cup more retroverted than the

optimal 10–15� of anteversion [25]. Cups with anteversion

of more than 15� were also deemed suboptimal. No attempt

to judge the position (ante- or retroversion) of femoral

component was performed. Radiographs were evaluated

using ‘‘clinical judgement’’ as no standardization of

radiographs between departments had been possible due to
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the retrospective nature of this study, and no specific

radiographic evaluation tools were available (i.e. Martell

Hip Analysis Suite).

Statistical analysis

Data were evaluated for normality distribution using

Kolomogorov–Smirnoff test. For continuous non-para-

metric data Mann–Whitney U test was used and Chi-square

and Fishers exact test were used for comparisons of pro-

portions. In case of multiple group-comparisons’ propor-

tions we used z test with Bonferroni correction for

proportions and Kruskall–Wallis test for continuous data.

In analyses of risk factors of HD the following variables

were investigated with unadjusted logistic regression ana-

lysis: age C75 years, female gender, obesity (BMI [ 30)

and [2 units of alcohol/day. These were chosen based on

previous association with HD [9, 26, 27]. Additionally, we

investigated preoperative use of walking aid, and phar-

macologically treated psychiatric disease, department of

surgery and LOS [4 days. For analysis between-depart-

ment differences, we initially did unadjusted analysis of all

departments using the department with fewest HD as ref-

erence. Then, we dichotomized departments into those with

significantly more HD than the reference department vs.

the remaining departments and redid the unadjusted ana-

lysis. A significance level of B0.25 was used in the

unadjusted analysis to avoid excluding potential relevant

variables. Finally we constructed a multiple logistic

regression model using backwards stepwise multiple

regression [28]. We tested the effect of LOS \4 days

(excluding HD during primary admission to avoid bias) in

an adjusted multivariate analysis regardless of unadjusted

results, as this was a study outcome. Results are given as

odds ratios (OR) with 95 % confidence intervals (CI) and a

significance level of p B 0.05.

Results

A total of 2,734 primary elective unilateral THA were

included. The median LOS was 2 days (IQR: 2–3) with a

6.7 % 90 days readmission rate and 0.2 % surgically

related mortality (Table 1). We found 65 (2.4 %) proce-

dures with one or more HD B90 days after surgery

[median time to HD: 16 days (IQR: 7–47.5)], of which 43

(66.2 %) were B30 days (Fig. 2). Multiple HD occurred

after 17 procedures.

In 57 (87.7 %) of the HD patients the indication for

THA was osteoarthritis, while four were due to previous

Fig. 1 Flowchart of the study

population. DNPR Danish

National Patient Registry,

LCDB Lundbeck Foundation

Centre Database, THA total hip

arthroplasty, HD hip

dislocation, LE lower extremity
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hip fractures (6.2 %) and two (3.1 %) due to femoral head

necrosis or hip dysplasia, respectively. Median age of

patients with HD was 70 years (63-79) with 55.4 % women

and a median LOS of 3 days (IQR: 2–4) (Table 1). Seven

patients were revised B90 days due to HD (0.26 % of all

patients), of which five had C2 displacements. In eight

(12.3 %) patients HD occurred during index hospitaliza-

tion, while 52 (80.0 %) were after discharge with admis-

sion to a regular ward and 5 (7.7 %) were after discharge

with reduction and subsequent discharge from the ER.

Details of mechanisms of HD were found in the medical

records in 62/65 HD. These were divided into five groups:

falls (13/62), ‘‘in bed’’ (inappropriate movement) (13/62),

‘‘sitting’’ (sitting/rising from chair/toilet) (18/62), bending/

squatting (15/62) and related to ‘‘suboptimal’’ positioning

of patients immediately after surgery (3/62). Eleven of the

15 HD due to bending/squatting occurred more than

30 days after surgery, in contrast to HD due to falls (4/13),

‘‘in bed’’ (2/13) and ‘‘sitting’’ (5/18) (p \ 0.01). We found

an overall difference in median time to HD between groups

(p = 0.003), specifically according to whether HD was due

to bending/squatting (day 57 (IQR: 25–68) days after sur-

gery) compared to in ‘‘in bed’’ [day 7 (IQR: 8–24.5);

p = 0.002] or ‘‘sitting’’ [day 13 (IQR: 6.5–31); p = 0.003].

HD due to falls occurred, median day 14 (IQR: 5.5–54);

and not different from the ‘‘bending/squatting’’ group

(p = 0.128), the three HDs with no information on

mechanisms all occurred B30 days after surgery (Fig. 3).

Femoral head size in HD was \36 mm in 20/65, and

13/43 of HD B30 days after surgery had femoral head size

Table 1 Patient characteristics of procedures with and without hip

dislocations B90 days

Characteristics HD B90 days
(n:65)

No. HD B90 days
(n:2,669)

p value

Median age (IQR) 68 (61–75) 70 (63–79) 0.020

Age [75 years 26 (40.0) 726 (27.2)

Median BMI (IQR) 26.7 (24.1–30.0) 25.1 (22.8–30.2) 0.059

BMI [30 17 (26.2) 663 (24.8)

Missing 1 (1.5) 16 (0.6)

Males 29 (46.6) 1,226 (46.0) 0.828

Females 36 (55.4) 1,442 (54.0)

Alcohol [2 units/
day

5 (7.7) 193 (7.2) 0.881

Missing 1 (1.5) 32 (1.2)

Living alone 26 (40.0) 870 (32.6) 0.448

With others 38 (58.5) 1,760 (65.9)

In nursing home,
etc.

1 (1.5) 39 (1.5)

Preoperative use of

walking aids

27 (41.5) 716 (26.8) 0.007

Missing 2 (3.1) 67 (2.5)

Pharmacologically
treated cardiac
disease

15 (23.1) 312 (11.7) 0.005

Missing 1 (1.5) 29 (1.1)

Pharmacologically
treated psychiatric
disease

12 (18.5) 160 (6.0) \0.001

Missing 0 (0.0) 19 (0.7)

Type-1 diabetes 1 (1.5) 10 (0.4) 0.108

Type-2 diabetes 9 (13.8) 228 (8.5)

Missing 0 (0.0) 9 (0.3)

Counts given as numbers (%)

HD hip dislocation, IQR interquartile range, BMI body mass index

Fig. 2 Incidence and timing of hip dislocations during 90-day

follow-up

Fig. 3 Cumulated percentage of hip dislocations during 90-day

follow-up according to mechanism of dislocation
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\36 mm, not different from femoral head size C36 mm

(OR: 1.08 CI: 0.36–3.26 p = 0.896). Neither was there any

difference in median time to dislocation according to

femoral head size [19 (IQR: 4–50) vs. 16 days (IQR:

7–47.5) p = 0.696; respectively].

Review of the postoperative radiographs in HD revealed

SOP in 34/65. HD B30 days after surgery was not more

frequent in patients with SOP (24/43; OR: 1.52 CI:

0.54–4.26, p = 0.429), and with no difference in median

time to dislocation [16.5 days (IQR: 6.5–41.5) vs. 15 days

(IQR: 7–55), respectively, p = 0.550]. Neither was the risk

of multiple dislocations increased in patients with SOP (6/

34 vs. 11/31, OR: 0.39, CI: 0.12–1.23; p = 0.102). SOP

was found in 5/15 of the ‘‘bending/squatting’’ group, 10/13

of the ‘‘in bed’’ group, 8/18 of the ‘‘sitting/raising’’ group,

7/13 of those with falls and 2/3 with HD due to ‘‘subop-

timal’’ layering. The differences in fraction of procedures

with SOP were only statistically significant between the

‘‘in bed’’ and the bending/squatting’’ groups (p = 0.021).

The rate of HD was increased in department 6 (4.2 %

CI: 2.7–6.4) compared to the rest (2.0 % CI: 1.5–2.7,

p = 0.005) (Table 2). However, in department 6 the pro-

portion of patients living alone (40.7 vs. 31.7 % p \ 0.001)

and with alcohol use [2 units/day (10.8 vs. 6.6 %

p = 0.003) was significantly higher compared to the other

departments. Also, smaller heads were more common in

the patients with HD (45.0 vs. 24.4 %) (Table 2).

Unadjusted analysis of patient characteristics found age

C75 years, preoperative use of walking aids, psychiatric dis-

ease and department of surgery to be associated with HD at a

significance level of\0.25. LOS B 4 days was not associated

with an increased risk of HD in either unadjusted or adjusted

analyses (Table 3). In the stepwise multiple regression ana-

lysis, preoperative use of walking aids ceased to be associated

with HD after adjusting for age and psychiatric disease, and

consequently the variables included in the final adjusted ana-

lysis were age C75 years, pharmacologically treated psychi-

atric disease and department of surgery (Table 3).

Discussion

It is generally agreed that HD is due to multiple factors,

such as surgical technique, choice of prosthesis, and

patient-related factors, while the influence of postoperative

activity restrictions is debateable [29]. This detailed pro-

spective study on HD in 2,734 fast-track primary THA

demonstrated HD in 2.4 % of procedures at 90-day follow-

up in line with previous reports [30–32]. There were dif-

ferent circumstances leading to HD in the early and the late

postoperative period, with HD due to ‘‘bending/squatting’’

occurring later than those related to being ‘‘in bed’’ or

‘‘sitting’’. This is not surprising as the patients improve

mobility and spend less time being supine or sitting.

Table 2 Department characteristics

Department 1 Department 2

Procedures performed (% of total) 302 (11.0) Procedures performed (% of total) 445 (16.3)

HD (%) 3 (1.0) HD (%) 8 (1.8)

HD B 30 days (%) 2 (0.6) HD B 30 days (%) 3 (0.7)

SOP yes/no 2/1 SOP yes/no 4/4

Femoral head size \36 mm/C36 mm 2/1 Femoral head size \36 mm/C36 mm 1/7

Department 3 Department 4

Procedures performed (% of total) 408 (14.9) Procedures performed (% of total) 512 (18.7)

HD (%) 11 (2.1) HD (%) 9 (2.2)

HD B 30 days (%) 6 (1.2) HD B 30 days (%) 7 (1.7)

SOP yes/no 6/5 SOP yes/no 6/3

Femoral head size \36 mm/C36 mm 4/7 Femoral head size \36 mm/C36 mm 4/5

Department 5 Department 6

Procedures performed (% of total) 591 (21.6) Procedures performed (% of total) 476 (17.4)

HD (%) 14 (2.4) HD (%) 20 (4.2)

HD B 30 days (%) 9 (1.5) HD B 30 days (%) 17 (3.6)

SOP yes/no 4/10 SOP yes/no 12/8

Femoral head size \36 mm/C36 mm 0/14 Femoral head size \36 mm/C36 mm 9/11

HD hip dislocation, SOP suboptimal cup placement

Arch Orthop Trauma Surg (2014) 134:1615–1622 1619
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We have previously found that falls within 30 days of

surgery often result in severe complications such as HD or

fractures [10]. The present study is in accordance with this,

as two-thirds of HD due to falls are B30 days after surgery.

This implies that future strategies for prevention of HD

should consider preventive strategies for early falls [10].

Increased age was, as previously described [27], a risk

factor for HD and likely related to decreased muscle con-

trol/strength and increased risk of falling in the elderly [8,

10]. Pharmacologically treated psychiatric disease also

increased the risk of HD. This has not been described

previously and deserves further investigation, although

potentially related to increased risk of falling in elderly

patients with depression, regardless of psychotropic treat-

ment [33].

SOP has previously been associated with HD [31, 34]

and we found that more than 50 % of HD patients had

SOP. The interpretation of this finding however is difficult,

as no comparison with patients without HD was performed,

and a previous study has found an accuracy of about 50 %

to place the cup in the safe zone in all patients—regardless

of subsequent HD or not [35]. Furthermore, definitions and

equipment for measuring cup ‘‘safe zones’’ differ [25, 36],

and evaluation of radiographs may benefit from advanced

digital analyses [37]. In the present retrospective study we

had to evaluate non-standardized radiographs obtained

from different departments which induce a risk of misin-

terpretation. However, this is how positioning of prosthetic

implants is evaluated in daily clinical practice, and thus our

results reflect ‘‘real life’’ clinical evaluation. Nonetheless,

given the mentioned limitations, we can only conclude that

careful attention to cup placement should be included in

future studies.

We did not find an increased number of 30-day HD with

smaller femoral head size, although about one-third of

patients with HD had a femoral head size of \36 mm.

Previous studies have found a beneficial effect of larger

femoral heads [2, 4, 5], and our study is limited by no data

on femoral head size in patients without HD. Thus, further

controlled large-scale studies including data on SOP and

femoral head size as well as patient characteristics are

needed to determine the role of these factors on HD after

fast-track THA.

No effect of postoperative restrictions when using an

anterolateral approach has been found [29], but this has not

been investigated when using a posterior approach, as in

our study. A recent non-randomized study on 365 patients

from another Danish department using both a fast-track

protocol and a posterior approach found a non-significant

increase in number of HD (2.7 vs. 1.3 %) in the 219

patients with no postoperative activity restrictions [38]. In

our study, we found an increased risk of HD in the one

department without postoperative restrictions compared to

the remaining five departments. We believe that our

observations together with those of Mikkelsen et al. call for

further studies on the potential role of restrictions for HD;

preferably with details on type of restriction regimen,

patient information and compliance.

There are difficulties when comparing the dislocation

rate in our study with previous reports, as we focused on

the immediate postoperative period (90 days) and included

all HD, including those being treated in the emergency

room. Most national registers report only HD being treated

by surgical procedures with change of components [1–3],

and the dislocation rates reported from the registers are

probably too low. The HD rate in our study is comparable

to a previous single-centre study with a fast-track setup

from one of the participating departments [32] and to what

was found by Biedermann and colleagues (2005) (&2.2 %

for primary THA) within 1 year. Although having a longer

Table 3 Results of logistic regression analysis on preoperative patient characteristics and LOS [ 4 days

Characteristics Number (%) Unadjusted analysis OR

(95 %CI)

p value Multivariate analysis OR

(95 %CI)

p value

Age C75 years 752 (27.5) 1.78 (1.08–2.95) 0.024 1.96 (1.18–3.38) 0.010

Female gender 1,478 (54.1) 0.95 (0.58–1.55) 0.828 – –

BMI [30 680 (25.0) 1.09 (0.62–1.90) 0.774 – –

Alcohol [2 units/day 198 (7.3) 1.07 (0.43–2.71) 0.881 – –

Preoperative use of walking aids 743 (27.9) 1.98 (1.19–3.28) 0.008 1.39 (0.79–2.48) 0.257

Pharmacological treatment for PsD 172 (6.3) 3.52 (1.85–6.73) \0.001 2.37 (1.29–4.36) 0.006

Department of surgerya 457 (17.4) 2.16 (1.26–3.69) 0.005 2.27 (1.31–3.40) 0.004

LOS \4 daysb 2,300 (84.4) 0.69 (0.36–1.31) 0.257 0.76 (0.37–1.54) 0.444

Analysis including LOS \ 4 days is excluding HD during primary admission. The final multivariate logistic regression model contained 2,650

procedures with 63 hip dislocations
a Department 6 vs. others
b Eight procedures with HD during primary stay excluded from this analysis
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follow-up period, 119/137 HD occurred within the first

12 weeks which is similar to our follow-up period [31].

Another study found 1.1 % HD within 1 year, but with

75 % of HD occurring within the first 3 months and using

an anterolateral surgical approach [14]. However, both

studies only included HD treated at their own facility, thus

potentially having incomplete registration. The strength of

our study is a complete 90-day follow-up through the

DNPR, hereby ensuring that all admissions (both hospi-

talizations and ER visits, regardless of location) within

90 days are captured [24]. This is in contrast to previous

studies which only include admissions to the hospital of

primary surgery [14, 31, 39]. Furthermore, we investigated

the medical charts of all admissions, regardless of diag-

nosis codes, hereby further ensuring that no HDs were

overlooked.

The weaknesses of our study were the lack of detailed

registration of patient compliance to restrictions, retro-

spective analysis of radiographs and no information on the

femoral head size in patients without HD. Finally, the

analyses need to be considered in relation to the relatively

few HD, thus potentially limiting the study power. On the

other hand, we had a large study cohort with prospective

recording of comorbidities and complete follow-up through

the DNPR and medical files, thus enabling detailed infor-

mation on preoperative patient characteristics and limiting

the risk of overlooking any HD.

Conclusion

The risk of HD was about 2.5 % within 90 days after fast-

track THA and related to age C75 years and pharmaco-

logically treated psychiatric disease, but not to

LOS B 4 days. The roles of postoperative activity restric-

tions, suboptimal cup placement and femoral head size

need further investigation. Multimodal preventive strate-

gies should include attention to the different mechanisms

causing HD before and after 30 days postoperatively.
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