
Surgical approach, bearing type and size and fixation 
type all influence the risk of dislocation7,8. The higher 
prevalence of dislocation after use of the posterior 
approach is well known, and the effect of head size and 
bearing on the risk of dislocation has been studied5. 

Previous research on large cohorts, many derived 
from arthroplasty registers, has investigated the 
endpoint revision due to dislocation, not actual 
dislocations per se that are currently not reported to the 
large registers9. Thus, the investigation of cumulative 
dislocation rates in large cohorts has recently gained 
interest10,11. The evaluation of the true incidence of 
dislocation following elective THA, based on national 
available data, is more difficult to ascertain and relies on 
data that is not routinely available within arthroplasty 
registers. To study dislocation, arthroplasty register 
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Dislocation after total hip arthroplasty (THA) is a serious concern that is rarely reported as a complication in register 
studies. The aim of this population-based register study was to evaluate the true cumulative incidence of dislocation by 
surgical approach following THA and to assess the impact of bearing size, bearing type, and stem fixation on dislocation 
risk. In this longitudinal cohort study based on data from 136,810 patients with a unilateral primary elective THA were 
included and followed up until 1st dislocation, revision, death, second THA of bilateral THA, or until the end of the 
observation period. The cumulative dislocation incidence was estimated using the Kaplan-Meier method, stratified by 
surgical approach. Multiple Cox regression models were fitted to estimate adjusted hazard ratios (HRs) for dislocation. 
The 1-year cumulative dislocation incidence was 1.1% (1.0-1.2) after use of the lateral approach and 2.3% (2.2-2.4) 
after the posterior approach. The use of femoral heads smaller than 32mm (reference) was associated with a higher 
risk of dislocation for both approaches (lateral HR 1.72, 95% CI 1.43-2.07, p<0.001; posterior HR 1.34, 95% CI 1.19-
1.51, p<0.001). For the posterior approach, head sizes bigger than 32mm or dual mobility cups (DMC) conferred a 
lower risk of dislocation (>32mm HR 0.64, 95% CI 0.9-0.83, p<0.001; DMC HR 0.21, 95%CI 0.1-0.41, p<0.001). The 
use of the posterior approach carried an increased risk of dislocation when compared with the lateral approach, 
however, this risk was mitigated when using head sizes of 36 mm and by DMC.

INTRODUCTION

Dislocation following elective THA is a complication 
that is dreaded by both patients and healthcare 
providers, and it represents the most common reason 
for early revision1-3. When it occurs, it comes at  
a huge cost for the patient and the health service, 
and frequently dislocations become reoccurring1,2,4. 
Patient- and surgery-related factors associated with 
an increased risk for dislocation have previously 
been investigated in smaller cohorts, and a meta-
analysis concluded that the risk of dislocation 
following a primary THA has a multifactorial 
aetiolog5. Perioperative strategies such as head size 
and implant technology innovations have helped to 
reduce the incidence of dislocation6.

Study carried out at the Swedish Arthroplasty Register, Gothenburg, Sweden.
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THA from 1999 to 201412. Patients were followed 
until 1st dislocation, revision, death, second THA of 
bilateral THA, or until the end of the study period 
(31/12/2015). The completeness for primary THA 
(98%) and revision THA (94%) and the full coverage 
has been reported in the 2014 annual report15. The 
flowchart depicting exclusion criteria is provided 
in Fig 1. Only patients with a lateral approach (as 
recorded by Gammer or Hardinge) or posterior 
approach were included. Missing data on approach, 
head size, articulation and indication for primary 
surgery were reasons for exclusion. Patients with 
a known and recorded hip arthroplasty prior to the 
study period were excluded from the study cohort to 
reduce potential issues with the undefined laterality of 
the dislocated THA. Patients were also censored at the 
time of revision or contralateral THA in the follow-up 
period for the same reason. 

Exposure variables:

The exposure variables of interest were approach 
(posterior or lateral approach), and the final study 
cohort was stratified by approach. Subsequently 
the 2 cohorts were analysed using the 4 different 
bearing size and types (cTHA<32 = conventional 
THA with head size smaller than 32 mm, cTHA=32 = 
conventional THA with head size of 32 mm, cTHA>32 
= conventional THA with head size bigger than 32 
mm, DMC = dual mobility cup THA).

Outcome measures:

Dislocations using any potential diagnostic or 
procedural code from the NPR or the SAR, indicating 

data has to be linked with other sources of health 
administrative data in order to identify diagnostic or 
procedural codes that indicate THA dislocation12-14. 
Only recently has the NJR changed their minimal 
dataset to start recording the treatment of dislocations 
following THA (https://www.njrcentre.org.uk/
healthcare-providers/update-of-njr-minimum-data-
set-forms/).

The purpose of this study was to investigate the 
true dislocation cumulative incidence following 
elective THA performed through the two most 
commonly used surgical approaches in Sweden, and 
to investigate the association of bearing size and type, 
and of stem fixation with the risk of dislocation. The 
first research question was the cumulative incidence 
of dislocation after use of the different bearing 
sizes and types. The second research question was 
which patient- and surgery-related factors (bearing 
type and head size, age, sex, indication at time of 
primary surgery, Elixhauser comorbidity index (ECI), 
presence of neurological disease, presence of spinal 
disorder or surgical intervention and year of surgery) 
were associated with the risk of dislocation. The study 
was designed to stratify all analyse by approach since 
the approach per se is strongly associated with the 
outcome of interest5.
 

MATERIALS AND METHODS

This observational, longitudinal cohort study used 
data from Swedish Arthroplasty Register (SAR) and 
the Swedish National Patient Register (NPR). We 
included patients operated with a unilateral elective 

 
Fig. 1 — Flowchart of cases included in the final analysis. (THA =Total Hip Arthroplasty).
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no further informed consent is necessary. The study 
adhered to the STROBE guidelines31 and the Helsinki 
Declaration32.  
 

RESULTS

Of the entire study population of 136,810 patients, 
77,013 (56.3%) were operated using a posterior 
approach. The majority of the patients received a fully 
cemented implant. During the study period, head sizes 
smaller than 32 mm were used for the majority of the 
cases; 89,608 (65.10%) patients had a conventional 
THA with head size smaller than 32 mm (cTHA<32). 
40,930 (29.92%) had a conventional THA with head 
size of 32 mm (cTHA=32), conventional THA with 
head size bigger than 32 mm (cTHA>32) were used 
in 4,670 (3.41%) of the patients and dual mobility cup 
THA (DMC in 1,602 (1.17%) of the patients. The use 
of DMC and cTHA>32 occurred more frequently in 
the posterior approach group. The median follow-up 
was 4.70 years. Characteristics of the study population 
are presented in Table I. 

1,042 patients in the lateral approach group 
suffered at least one dislocation during the study 
period, whilst 3,133 patients in the posterior approach 
group suffered one or more dislocations, giving a 
dislocation incidence at one year of 1.1% after use of 
direct lateral and of 2.3% after posterior approaches 
(Table II). The cumulative dislocation incidence, 
estimated using the Kaplan-Meier method, differed 
between the two approaches, with more dislocations 
in the posterior approach group (Figure 2).

When the cohort was stratified by approach in 
2 groups (posterior and lateral group) (Figure 3,4) 
and a Kaplan-Meier analysis was performed giving 
the dislocation incidence following stratification by 
approach for the different bearing types and sizes 
(Table III). 

Whilst cTHA>32 and DMC were associated with 
statistically significantly lower dislocation risk in the 
posterior approach group, this was not the case in the 
lateral approach group (Fig. 3 and 4). Male sex, other 
indications for primary THA than OA, pre-existing 
neurological disorder, pre-existing spinal problems 
and more comorbidity as per ECI were all associated 
with an increased risk of dislocation (Table IV). 
 

DISCUSSION

This paper, based on register data, distinguished 
itself from previous register-based research, studying 
dislocations rather than revisions due to dislocation.  

occurrence of a dislocation were identified. The ICD-
10 codes (the International Classification of Diseases) 
used were M24.3-4, M24.4F, S73.0, T93.316. All NFH-
codes (Miscellaneous operations on the hip joint) in 
the NOMESCO system (Nordic Medico-Statistical 
Committee) indicating reduction manoeuvres of 
the hip (NFH00-NFH30, NFH40,NFH42, NFH70-
NFH99) were used17.

Confounders

As previous research has identified an association 
between dislocation and neurological disorders and 
spinal problems, we considered these as potential 
confounders6,18-22. Patients with preoperative neuro-
logical disorders or spinal problems were identified 
using procedural and diagnostic codes derived from 
the NPR. The Elixhauser comorbidity index (ECI) as 
a measure of comorbidity was calculated based on 
the registered diagnoses within the NPR in the year 
preceding the index surgery23-27. Additionally, age, 
sex, indication for primary surgery, and the mode of 
THA fixation were also considered confounders of 
interest.

Statistical analysis

The cumulative incidence of dislocations was 
estimated using the Kaplan-Meier method, giving 
the cumulative dislocation incidence at defined time 
points following the index procedure, following 
stratification by approach (posterior28 and direct 
lateral approach29,30). Cox multivariable regression 
models were fitted to estimate the risk of dislocation 
associated with bearing type and head size, adjusting 
for age, sex, indication for surgery, mode of fixation, 
ECI, presence of neurological disease, presence of 
spinal disorder or surgical intervention, and year of 
surgery, expressed as hazard ratios (HR) with 95% 
confidence intervals (CI). R version 3.6.1 statistical 
software was used for analysis, and p values <0.05 
were considered statistically significant. Log-log plots 
and Schoenfeld residuals were used to investigate 
whether the assumption of proportional hazards was 
fulfilled.

Ethical approval

Approval from the Regional Ethical Board in 
Gothenburg, Sweden (271-14 and 430-15) was 
received on 2014-04-09 and 2015-07-07. Patients are 
informed about registration in the SAR at the time of 
their arthroplasty procedure and have the possibility to 
decline participation. As the patient information also 
mentions that register data can be used in research, 
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The use of the posterior approach carried an increased 
risk of dislocation; however, this risk could be 
mitigated using bigger head sizes or DMC. The use of 
femoral heads<32mm was associated with an increased 
adjusted risk of dislocation in both the lateral and the 
posterior approach. Uncemented fixation of the THA 
was found to be associated with an increased risk of 
dislocation, irrespective of the approach.

The true dislocation incidence is difficult to ascertain 
in big cohort studies because of reporting problems. 
Currently, only a combination of data from national 
registers and other datasets such as national patient 
registers can provide these figures7,8,10-12,14. Previously 
data on dislocation could only be reliably assessed by 
experimental studies and randomized controlled trials. 
Our reported dislocation rate is lower than previously 

Lateral Posterior
Study group 59,797 77,013
Indication for primary surgery Primary OA 53,549 (89.6) 69,202 (89.9)

Secondary OA (unspecified) 1,878 (3.1) 3261 (4.2)
Sequelae from childhood hip disorders 1,701 (2.8) 1,504 (2.0)

Avascular necrosis femoral head 1,311 (2.2) 1,566 (2.0)
Inflammatory joint disease 1,358 (2.3) 1,480 (1.9)

Sex female 34,571 (57.8) 43,073 (55.9)
male 25,226 (42.2) 33,940 (44.1)

Fixation Cemented 42,523 (71.1) 60,136 (78.1)
Hybrid 1,956 (3.3) 3,030 (3.9)

Reverse hybrid 6,346 (10.6) 6,386 (8.3)
Uncemented 8,972 (15.0) 7,461 (9.7)

Bearing type and size cTHA<32 40,569 (67.8) 49,039 (63.7)
cTHA=32 18,258 (30.5) 22,672 (29.4)
cTHA>32 726 (1.2) 3,944 (5.1)

DMC 244 (0.4) 1358 (1.8)
Year of surgery 1999-2000 2,530 (4.2) 3,898 (5.1)

2001-2002 5,459 (9.1) 8,894 (11.5)
2003-2004 6,623 (11.1) 9,884 (12.8)
2005-2006 7,386 (12.4) 10,730 (13.9)
2007-2008 8,313 (13.9) 10,021 (13.0)
2009-2010 9,713 (16.2) 11,130 (14.5)
2011-2012 9,931 (16.6) 11,093 (14.4)
2013-2014 9,842 (16.5) 11,363 (14.8)

Preoperative diagnosis of neurological 
disorder

Yes 1,359 (2.3) 1,654 (2.1)
No 58,440 (97.7) 75,359(97.9)

Preoperative diagnosis of spinal disorder Yes 5,159 (8.6) 6,414 (8.3)
No 52,638 (91.4) 70,599 (91.7)

Elixhauser index (mean) (SD) 0.56 (0.95) 0.60 (0.96)
Elixhauser category 0 39,182 (65.5) 48,054 (62.4)

1 12,429 (20.8) 17,375 (22.6)
2 5,186 (8.7) 7,541 (9.8)
3 2,018 (3.4) 2,721 (3.5)

4+ 982 (1.6) 1322 (1.7)
Age (mean) (SD) 67.66 (10.83) 68.16 (10.55)
Age category <55 6,638 (11.1) 7,755 (10.1)

55-69 25,767 (43.1) 32,268 (41.9)
70-84 25,003 (41.8) 34,035 (44.2)
85+ 2,389 (4.0) 2,955 (3.8)

OA=osteoarthritis, cTHA<32 =conventional THA with head size smaller than 32 mm, cTHA=32 = conventional THA with head size of 32 mm, 
cTHA>32 =conventional THA with head size bigger than 32 mm, DMC = dual mobility cup THA, SD=standard deviation.

Table I. — Characteristics of the study population.
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published rates from a nationwide study and 3 large 
cohort studies10,33-35. The choice of approach might 
well be associated with the lower than published rates 
as in Denmark the preferred approach has been more 

predominantly posterior than in Sweden. The effect 
of the approach on dislocation has traditionally been 
in favour of the lateral approach however the capsular 
repair following the posterior approach has been 

Time Lateral Posterior All
30 days 0.7 (0.6 - 0.7) 1.1 (1 - 1.2) 0.9 (0.9 – 1.0)
90 days 0.9 (0.9 - 1) 1.7 (1.6 - 1.7) 1.3 (1.3 - 1.4)
1 years 1.1 (1.0 - 1.2) 2.3 (2.2 - 2.4) 1.8 (1.7 - 1.8)
2 years 1.3 (1.2 - 1.4) 2.8 (2.6 - 2.9) 2.1 (2.0 - 2.2)
3 years 1.4 (1.3 - 1.5) 3.2 (3 - 3.3) 2.4 (2.3 - 2.5)
4 years 1.6 (1.5 - 1.7) 3.5 (3.4 - 3.7) 2.7 (2.6 - 2.8)
5 years 1.7 (1.6 - 1.8) 3.9 (3.7 - 4) 2.9 (2.8 – 3.0)
10 years 2.4 (2.2 - 2.6) 5.7 (5.5 - 5.9) 4.3 (4.1 - 4.4)
15 years 3.7 (3.1 - 4.3) 7.5 (7.0 – 8.0) 5.9 (5.5 - 6.3)

Table II. — Dislocation incidence at different time intervals.

 

Fig. 2 — Cumulative dislocation incidence (%) using the Kaplan-
Meier method with 95% confidence intervals and patients at risk 

for the cohort, stratified by surgical approach.

 

Fig. 3 — The cumulative dislocation incidence estimated by the 
Kaplan-Meier method, with 95% confidence intervals for the 

posterior approach cohort.

 

Fig. 4 — The cumulative dislocation incidence using Kaplan-Meier 
method with 95% confidence intervals for the lateral approach 

cohort.
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associated with a reduction in risk of dislocation36.
The effect of the head size and the effect of DMC 

on dislocation has been extensively described37,38. In 
our study the use of smaller heads was associated 
with an increased risk of dislocation in both 
approaches, however no clear benefit was associated 
with the use of DMC or head size >32mm using the 
lateral approach, whereas the use of bigger head 
sizes (>32mm) and DMC were associated with a 
lower risk compared to conventional cup with 32 

mm head, and this is a new, previously un-described 
finding. 

The relationship between mode of fixation and 
risk of dislocation has not been described previously 
to our knowledge. For both approaches, uncemented 
fixation entailed a higher dislocation risk compared to 
cemented. For the posterior approach, dislocation risk 
was higher for hybrids and lower for reverse hybrids 
than cemented THAs, which suggests the problem 
is cup-dependent. This relationship was not present 

Posterior approach Lateral approach
Time cTHA<32 cTHA=32 cTHA>32 DMC cTHA<32 cTHA=32 cTHA=32 DMC
30 days 1.2 (1.2 - 1.3) 1 (0.8 - 1.1) 0.7 (0.4 - 1) 0.1 (0 - 0.2) 0.7 (0.6 - 0.8) 0.6 (0.5 - 0.7) 1.1 (0.3 - 1.9) 0.0 (0.0 – 0.0)
90 days 1.8 (1.7 - 2) 1.4 (1.3 - 1.6) 1 (0.7 - 1.3) 0.1 (0 - 0.2) 1.0 (0.9 - 1.1) 0.7 (0.6 - 0.8) 1.4 (0.5 - 2.3) 0.0 (0.0 – 0.0)
1 years 2.6 (2.4 - 2.7) 1.9 (1.7 - 2.1) 1.4 (1 - 1.8) 0.2 (0 - 0.4) 1.2 (1.1 - 1.3) 0.8 (0.7 – 1.0) 1.7 (0.7 - 2.6) 0.5 (0.0 - 1.4)
2 years 3.2 (3 - 3.3) 2.2 (2 - 2.4) 1.5 (1.1 - 1.9) 0.3 (0 - 0.6) 1.4 (1.3 - 1.5) 1.0 (0.9 - 1.2) 1.7 (0.7 - 2.6) 1.0 (0.0 - 2.3)
3 years 3.6 (3.5 - 3.8) 2.5 (2.3 - 2.7) 1.8 (1.3 - 2.2) 0.5 (0.1 - 0.9) 1.6 (1.4 - 1.7) 1.1 (1.0 - 1.3) 1.7 (0.7 - 2.6) 1.0 (0.0 - 2.3)
4 years 4 (3.8 - 4.2) 2.7 (2.5 - 3) 2 (1.5 - 2.5) 0.6 (0.2 - 1) 1.7 (1.6 - 1.8) 1.2 (1.0 - 1.4) 1.7 (0.7 - 2.6) 1.0 (0.0 - 2.3)
5 years 4.4 (4.2 - 4.6) 2.9 (2.7 - 3.2) 2 (1.5 - 2.5) 0.6 (0.2 - 1) 1.9 (1.7 – 2.0) 1.2 (1.0 - 1.4) 1.7 (0.7 - 2.6) 1.0 (0.0 - 2.3)

Table III. — Kaplan-Meier analysis providing the dislocation incidence following stratification by approach for the different bearing types 
and sizes.

Unadjusted
C-THA=32 (reference)

Lateral p-value Posterior p-value

c-THA<32 1.45 (1.24-1.70) <0.001 1.47 (1.34-1.61) <0.001
c-THA>32 1.58 (0.88-2.84) 0.12 0.73 (0.57-0.94) 0.01
DMC 0.62 (0.15-2.49) 0.50 0.22 (0.12-0.42) <0.001
Adjusted
C-THA=32 (reference)

Lateral Posterior 

c-THA<32 1.72 (1.43-2.07) <0.001 1.34 (1.19-1.51) <0.001
c-THA>32 1.28 (0.71-2.32) 0.41 0.64 (0.49-0.83) <0.001
DMC 0.92 (0.22-3.88) 0.91 0.21 (0.11-0.41) <0.001
age 1.01 (1.00-1.02) 0.03 1.02 (1.02-1.03) <0.001
Male sex (female sex reference) 1.04 (0.92-1.18) 0.51 1.09 (1.01-1.17) 0.03
Diagnosis at primary THA (not OA) 
(primary OA reference)

1.46 (1.22-1.75) <0.001 1.43 (1.29-1.6) <0.001

Hybrid THA (cemented THA reference) 1.05 (0.74-1.51) 0.77 1.64 (1.32-2.02) <0.001
Reverse Hybrid THA 0.96 (0.75-1.23) 0.74 0.74 (0.62-0.89) 0.001
Uncemented THA 1.59 (1.30-1.95) <0.001 1.23 (1.04-1.46) 0.02
Pre-existing neurological disorder
(no recorded pre-existing neurological 
disorder reference)

1.95 (1.45-2.61) <0.001 1.85 (1.54-2.23) <0.001

Pre-existing spinal problem
(no recorded pre-existing spinal disorder 
reference)

1.40 (1.14-1.70) 0.001 1.70 (1.52-1.91) <0.001

ECI=1 (ECI=0 reference) 1.37 (1.17-1.59) <0.001 1.31 (1.21-1.43) <0.001
ECI=2 1.58 (1.28-1.95) <0.001 1.26 (1.11-1.42) <0.001
ECI=3 1.98 (1.48-2.64) <0.001 1.30 (1.08-1.57) 0.007
ECI=4 or >4 2.54 (1.77-3.64) <0.001 1.97 (1.57-2.47) <0.001
Year of surgery 1.01 (0.99-1.03) 0.31 0.97 (0.96-0.98) <0.001
approach (OA=osteoarthritis, cTHA<32 =conventional THA with head size smaller than 32 mm, cTHA=32 = conventional THA with head 
size of 32 mm, cTHA>32 =conventional THA with head size bigger than 32 mm, DMC = dual mobility cup THA, SD=standard deviation, 
ECI =Elixhauser Comorbidity Index).

Table IV. — Cox regression, adjusted for relevant cofounders providing the hazard ratios following stratification by approach. 
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This study has some limitations, both inherent to 
big database studies but also specific to this study, 
especially when the use of large databases within 
arthroplasty research is becoming more accepted for 
its merits and supports high-quality research, there 
needs to be an ongoing awareness of the pitfalls and 
the limitations39-44. Due to the absence of laterality in 
the NPR, bilateral procedures were excluded from the 
study. As 25% of the patients will have a contralateral 
THA within 10 years of the first procedure, quite a 
number of patients had to be excluded45. Further 
studies comparing dislocations in patients with a 
unilateral THA with bilateral THA could provide 
answers to the question on whether a second THA 
constitutes a risk for dislocation.  Patient factors 
such as spinopelvic relationship and surgical factors 
such as the correction of offset, leg-length, centre of 
rotation implant position are important risk factors 
for dislocation, but unfortunately cannot be studied 
using register data. A previous article using data from 
the Swedish Hip Arthroplasty Register described 
a reduction if reoperation rate for dislocation, and 
as such could support the findings of this study that 
there was reduction in the number of patients with 
known dislocations in the later years of the study46. 
Whilst it is likely that the reason for the improvement 
could be multifactorial, which is certainly a positive 
development for both patients and healthcare 
providers, this would certainly benefit from some 
further investigation, especially as the study 
population consisted of patients operated between 
1999 and 2014. Unfortunately, the same trend cannot 
be identified in the lateral approach group.

CONCLUSION

The results of this study would support the use of 
32mm heads in the lateral approach and 36mm heads 
or dual mobility when using a posterior approach to 
confer a reduced risk of dislocation, however there 
might be a concern of a potential higher risk of all-
cause revision. 
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for the lateral approach. These findings do contrast 
the findings of Gillinov et al, who in their large US 
database study identified a higher risk for cemented 
implants33. However, in a Danish database study and a 
recent meta-analysis cemented fixation was associated 
with a reduced risk of dislocation5,10.

This study has some strengths as the choice of 
approach might be influenced by reported and recorded 
confounders There has been an increased interest in the 
spinopelvic relationship and the association between 
spinal problems and dislocation6,18. Known preoperative 
spinal problems, identified by both diagnostic as well 
as procedural codes, were identified as an independent 
risk factor for dislocation in this study. An increased 
hazard ratio was identified, however was lower than 
the published data, likely because we included all 
back-related problems and interventions and not 
only fusions18. Further studies how to mitigate the 
increased risk in this group of patients is, based on 
these results and previous publications, warranted. 
There is an awareness that some patients might well 
have undergone spinal surgery or developed spinal 
problems post-surgery, and the effect of spinal surgery 
post THA on dislocation could not be studied using this 
approach. Neurological problems have previously been 
identified as a factor that is associated with dislocation 
following THA19-22. Our increased hazard ratio and 
the published higher dislocation rates in patients with 
neurological disorders emphasize the need for strict 
patient selection, shared decision-making and the use of 
surgical techniques that aid to reduce the instability post 
THA. Comorbidity as risk factor has been described 
by different research teams and increased comorbidity 
as reflected in ASA score and/or comorbidity index 
was associated with a higher risk of revision5,10,33. The 
indication for surgery has previously been associated 
with an increase in risk of dislocation, the findings 
of this research project support previous reported 
findings that the risk for dislocation is lower in patients 
operated for primary osteoarthritis (OA)33.  Hermansen 
et al only reported the true cumulative incidence in 
patients with primary OA10. This observational cohort 
study is using prospectively collected data of a well-
established national joint register with a high coverage 
and completeness and uses the well-recognised linkage 
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