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Abstract

Introduction Early research shows several advantages of the direct anterior approach (DAA) in THA that claimed to be as
effective but less invasive than the posterior approach. However, due to the difficult femoral exposure and possible complica-
tions related to femoral preparation, this approach may result in a higher rate of undersized stems when compared to other
approaches. The present authors believe that the femoral implant design (collar or collarless stem, short or long stem) in a
collared femoral stem may relate to lower rates of stem subsidence and limb length discrepancy (LLD) in mid-term to long-
term follow-up when compared to collarless femoral stems. However, currently, there is no consensus as to which femoral
implant design is the most suitable for DAA in THA.

Methods This systematic review and meta-analysis aim to assess and compare postoperative complications (neurapraxia,
wound infection, LFCN, hematoma, artery injury, cup malposition, embolism, fracture and implant loosening) and revision
rates due to dislocation, periprosthetic fracture and implant migration after DAA using collared compared to collarless femo-
ral stem and short femoral stem compared to long femoral stem in THA. These clinical outcomes consist of the postoperative
complications and revision femoral stem due to neurapraxia, wound, LFCN and LLD. This systematic review was conducted
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.

Results Relevant studies that reported postoperative complications and revision of either implant were identified from
Medline and Scopus from inception to June 6, 2018. Thirty-four studies were included for the analysis of DAA in THA; 23
studies were retrospective cohorts, four studies were prospective cohorts, and seven studies were RCTs. Thirty-one studies
and three studies were included for analysis of collarless and collared femoral stems. Twenty-six studies were long femoral
stems and eight studies were short femoral stems. Overall, there were 6825 patients (6457 in the collarless group and 368 in
the collared group, 4280 in long stem and 2545 in short stem). A total of 469 and 66 patients had complications and revisions
in the collarless group, and no patient had complications and revisions in the collared stem group. The total complication
and revision rate per patient were 5% (95%CI 3.3%, 7%) and 0.9% (95%CI 0.6%, 1.2%) in all patients. The complication rate
and revision rate were 5.7% (95%CI 3.8%, 7.7%) and 0.9% (95%CI 0.6, 1.2) in the collarless group. There was no prevalence
of complications and revisions in the collared stem group. The complication rate and revision rate were 10.2% (95%CI
9%, 11.4%), 0.7% (95%C1 0.3%, 1%) and 5.2% (95%CI 3.1, 7.2), 1.5% (95%CI 1%, 2%) in short and long femoral stems,
respectively. Indirect meta-analysis shows that collared femoral stem provided a lower risk of complications of 0.02 (95%CI
0.001, 0.30) when compared to collarless femoral stem. Long femoral stems had a lower risk of having complications of 0.57
(95%CI 0.48, 0.68) when compared to short femoral stems. In terms of revision, there is no statistically significant differ-
ence in collared femoral stem compared to collarless femoral stem and long femoral stem compared to short femoral stem.
Conclusion In DAA THA, collared femoral stem and long femoral stem had decreased complication rates when compared
to collarless femoral stem and short femoral stem by both direct and indirect meta-analysis methods. However, in terms
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of revision rates, there were no differences between all femoral stems (short versus long and collared versus collarless).
Prospective randomized controlled studies are needed to confirm these findings as the current literature is still insufficient.

Keywords Systematic review - Meta-analysis - THA - Collar femoral stem - Short femoral stem

Abbreviations

THA  Total hip arthroplasty

DAA  Direct Anterior Approach
PA Posterior approach

LLD  Limb length discrepancy
RCT  Randomized controlled trial

SD Standard deviation

BMI  Body mass index

LFCN Lateral Femoral Cutaneous Nerve
OR Odds ratio

OA Osteoarthritis

Introduction

Surgical approaches in total hip arthroplasty (THA)
include anterior [17, 26, 33, 40, 43, 48, 50, 58, 60], lat-
eral [1, 13, 27, 61, 63] and direct lateral and posterior
approach [2, 7, 8, 18, 54, 64]. Early research [42] shows
several advantages of the direct anterior approach (DAA)
in THA that claims to be as effective but less invasive
than the posterior approach (PA). However, the higher
risk of femoral fracture and soft tissue damage cannot be
underestimated. Due to the difficult femoral exposure and
possible complications related to femoral preparation, this
approach can result in a higher rate of undersized stems
when compared to other approaches [6, 10, 22, 29, 34,
47]. The present authors believe that the femoral implant
design (collar [3-5] or collarless stem [6, 10, 22, 29, 34,
47], long [3-6, 10, 22, 29, 34, 47] or short stem [8, 15, 20,
30, 38, 39, 41, 49]) in the collared femoral stem may relate
to a lower rate of stem subsidence and limb length dis-
crepancy (LLD) in mid-term to long-term follow-up when
compared to collarless femoral stem. However, currently
there is no consensus as to which femoral implant design
is the most suitable for DAA in THA. Therefore, this sys-
tematic review and meta-analysis aim to assess and com-
pare postoperative complications and revision rates due to
neurapraxia, wound complications, LFCN and LLD after
DAA using collared compared to collarless femoral stem
and short femoral stem compared to long femoral stem in
THA. These clinical outcomes consist of the postopera-
tive complications (neurapraxia, wound infection, LFCN,
hematoma, artery injury, cup malposition, embolism,
fracture and implant loosening) and revision rates due to
dislocation, periprosthetic fracture and implant migration.
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Material and method

Medline and Scopus databases were used to identify rel-
evant studies published in English since the date of inception
to June 6, 2018. The PubMed and Scopus search engines
were used to locate studies with the following search
terms: [(DAA OR direct anterior approach) AND total hip
arthroplasty]. Search strategies for Medline and Scopus are
described in detail in “Appendix1”. References from the
reference lists of included trials and previous systematic
reviews were also explored.

Inclusion criteria

Clinical studies (e.g., observational, cross sectional, cohort
or RCT) that reported clinical outcomes of DAA using collar
compared to collarless femoral stem and short femoral stem
compared to long femoral stem in THA were eligible if they
met the following criteria:

e Reported at least one of the following outcomes: com-
plications (neurapraxia, wound infection, LFCN, hema-
toma, artery injury, cup malposition, embolism, fracture
and implant loosening) and revision rates due to disloca-
tion, periprosthetic fracture and implant migration.

e Had sufficient data to extract and pool, i.e., the reported
mean, standard deviation (SD), the number of subjects
according to treatments for continuous outcomes, and the
number of patients according to treatment for dichoto-
mous outcomes.

The reference lists of the retrieved articles were also
reviewed to identify publications on the same topic. Where
there were multiple publications from the same study group
on the same population, the most complete and recent results
were used. Non-English studies were excluded.

Data extraction

Two reviewers (P.P. and J.K.) independently performed data
extraction using standardized data extraction forms. General
characteristics of the study [i.e., mean age, gender, body
mass index (BMI), mean follow-up time, study design, type
of approach (MIS or standard), implant design (short or long
stem, collar or collarless) and fixation method (cemented
or cementless)] were extracted. All dichotomous outcomes
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(postoperative complications and revision of femoral stem
due to neurapraxia, wound complications, LFCN and LLD)
were also extracted. Any disagreements were resolved by
discussion and consensus with a third party (A.A.).

Outcomes of interest

The outcomes of interest included postoperative compli-
cations and revision of the femoral stem. These outcomes
were measured as reported in the original studies which were
postoperative complications (neurapraxia, wound infection,
LFCN, hematoma, artery injury, cup malposition, embolism,
fracture and implant loosening) and revision rates due to
dislocation, periprosthetic fracture and implant migration
were considered.

Statistical analysis

For dichotomous outcomes (complications and revision), the
prevalence was pooled and calculated using the inverse vari-
ance method as follows [55]: p = 222 where p was the

pooled prevalence, p; was the prevalenc’e of complications
of each study, w; was 1/var(p;), which was the weight of each
study. Heterogeneity of prevalence across studies p was
checked as follows: Y w; (pi - [7)2 The Q statistic follows a
2 distribution with number of studies (k) — 1 degree of free-
dom (d.f.). The degree of heterogeneity was also quantified
using the I? statistic [23]. This value can range from 0 to

327 studies retrieved
from Medline

100%, the closer to 100%, the higher the heterogeneity. If
heterogeneity was present, between studies variation was
then estimated as follows: 72 = i;l)z if Q k 1 or O other-
TvimE
wise. This was used to calculate a weight term that

. . . . 1
accounted for variations between studies w;.‘ e and
var(p, )=t

then the pooled prevalence was estimated using the random
effects model as follows: 95%CI = p* + 1.96 . Meta-regres-

i

>w
sion analysis was then applied to explore causes of hetero-
geneity [23, 56]. Coverable parameters, i.e., mean age, gen-
der, body mass index (BMI), mean follow-up time, study
design, type of approach (MIS or standard), implant design
(short or long stem, collar or collarless) and fixation method
(cemented or cementless) were considered in the meta-
regression model. Power of the test for meta-regression was
also assessed [51]. The unstandardized mean difference and
odds ratio (OR) were estimated by indirect meta-analysis
using a random effects model, otherwise a fixed effects
model was applied. All analyses were performed using
STATA version 14.0 [57].

Results

Three hundred and twenty-seven and 338 studies were iden-
tified from Medline and Scopus, respectively, as shown in
Fig. 1. Two hundred and sixteen studies were duplicates,
leaving 449 studies for review of titles and abstracts. Of

338 studies
retrieved from
Scopus

449 left after
removed duplicates

)

415 studies deleted:

® 391 study: other interventions
® 19 studies: no outcome

® 3 studies: cadaveric study

® | study: review

® 1study: other diseases

A
€S were

34 stud
cligible
Collarless femoral stem:31 studies ‘ Collar femoral stem: 3 study ‘ ‘ Short femoral stem: 8 studies ‘ ‘ Long femoral stem: 26 studies

Complications: 34 studies
Revision: 34 studies

Fig.1 Flow of study select
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Table 2 Characteristics of included studies of DAA in short stem

Revision

Complications

Stem type  Implant Cement fixation

F/U (month)

BMI Age

‘Women

MIS Disease

Year  Design

Study

Cementless
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Cementless
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Cementless

ess

10
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Cementless

ess
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Cementless

17

Cementless
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arless

—_ o e o e e —
_ = e e = =2 ==

Short

0.75m
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274

0.48
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0.6
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Primary OA

Fahs AM 2018 RCT No
RC

Ponzio DY
Perry CR

Co

Short

65.1

28.4

No

2018

Co

Short

584 0.75m

61.1

62

Primary OA

RCT No
RC

2018

Co

Short

8 year

1665
138
75
200
28

Primary OA

2018

Patton RS

Short Co

3.5 year

29

0.39
0.59
0.61
0.54

RC No Primary OA and ON
Primary OA and ON
OA

2018

Khemka A

Short

1.5 month
1 year

62.4

26.6

RC

2017

Shemesh SS
Hallert O

Co

Short

67.4
64.3

26.7

Yes

RC

2012

Short Co

1.5 month

31.1

Primary OA

RCT No

2015

Christensen CP

these, 34 articles [3-6, 8, 10, 11, 15, 16, 19-22, 24, 25,
28-31, 34-36, 38, 39, 41, 44, 46, 47, 49, 53, 54, 62, 65, 66]
were relevant, and the full papers were retrieved. Character-
istics of these studies are given in Tables 1 and 2. Thirty-four
studies [3-6, 8, 10, 11, 15, 16, 19-22, 24, 25, 28-31, 34-36,
38, 39,41, 44, 46,47, 49, 53, 54, 62, 65, 66] were included
for the analysis of DAA in THA; 23 studies [3-5, 10, 11, 16,
19-22, 24, 25, 28-30, 35, 36, 38, 41, 49, 53, 62, 65] were
retrospective cohort, four studies [6, 34, 46, 47] were pro-
spective cohort, and seven studies [8, 15, 31, 39, 44, 54, 66]
were RCTs. Thirty-one studies [6, 8, 10, 11, 15, 16, 19-22,
24,25, 28-31, 34-36, 38, 39, 41, 44, 46, 47, 49, 53, 54, 62,
65, 66] and three studies [3—5] were included for analysis
of collarless and collared femoral stem. Twenty-six studies
[3-6, 10, 11, 15, 16, 19, 21, 22, 24, 25, 28, 29, 31, 34-36,
44, 46, 47, 53, 54, 62, 65, 66] were long femoral stem, and
eight studies [8, 20, 30, 38, 39, 41, 49] were short femoral
stem. Twenty-seven studies [3-6, 8, 10, 15, 16, 19-21, 25,
28,30, 31, 35, 36, 39, 41, 44, 46, 49, 53, 54, 62, 65, 66] were
cementless fixation, seven studies [11, 22, 24, 34, 38, 47]
were fixation with both cemented and cementless, and one
study [29] was cemented fixation. Twenty-six studies [4-6,
8, 10, 15, 16, 19, 21, 22, 25, 28-31, 34, 36, 38, 39, 41, 44,
46, 49, 53, 62, 66] were standard approach, and eight studies
[3, 11, 20, 24, 35, 47, 54, 65] were minimally invasive sur-
gery approach. Twelve studies were primary osteoarthritis
(OA), seven studies were primary OA and osteonecrosis, one
study was hip dysplasia, and seven studies did not mention
the cause of pathology. Mean age, BMI, mean follow-up and
percentages of female gender of long-stem DAA participants
varied from 58.1 to 69.8 years, 22.9 to 30.7 kg/mz, 1to
94 months and 32.6 to 92.8%, while short stem varied from
58.4 to 67.4 years, 26.6 to 31.1 kg/m?, 1.5 to 96 months and
39.1t0 60.5%.

Pooled prevalence of complications and revision
between collar and collarless DAA

Overall, there were 6825 patients (6457 in the collarless
group and 368 in the collar group). A total of 469 and 66
patients had complications and revision in the collarless
group and no patient had complications and revision in the
collar stem group (Supplement Table 1). The total compli-
cation and revision rate per patient was 5% (95%ClI 3.3%,
7%) and 0.9% (95%CI 0.6%, 1.2%) in the all patients. The
complication rate and revision rate were 5.7% (95%CI 3.8%,
7.7%) and 0.9% (95%CI 0.6, 1.2) in the collarless group.
There was no prevalence of complication and revision in
the collared stem group. By indirect meta-analysis, collared
femoral stem provided a lower risk of having complications
of 0.02 (95%CI 0.001, 0.30) when compared to collarless
femoral stem. In terms of revision, there was no statistically

@ Springer
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A Complications between collar and collarless stem B Complications between long and short stem
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|
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Overall (l-squared = 100:0%, p F .)
|
1
T ! T
.00816 1 123

Fig.2 Comparisons of prevalence of complications and revisions between

significant difference in collared femoral stem compared to
collarless femoral stem (Fig. 2, Table 3).

Pooled prevalence of complications and revision
between short- and long-stem DAA

Four thousand two hundred and eighty patients in long stem
and 2545 patients in short stem were selected. The complica-
tion rate and revision rate were 10.2% (95%CI 9%, 11.4%),
0.7% (95%C1 0.3%, 1%) and 5.2% (95%CI1 3.1, 7.2), 1.5%
(95%CI 1%, 2%) in short and long femoral stem, respectively
(Supplement Table 1). By indirect meta-analysis, the long
femoral stem had a lower risk of having complications 0.57
(95%CI 0.48, 0.68) when compared to short femoral stem.
In terms of revision, there was no statistically significant
difference in long femoral stem compared to short femoral
stem (Table 4).

Sources of heterogeneity

Meta-regression was applied for exploring the cause of het-
erogeneity by fitting a co-variable (i.e., age, percentage of
female patients, BMI, follow-up time and type of disease and
study quality), and meta-regression was applied to assess
this. None of the co-variables could explain the heterogene-
ity (Table 5).

@ Springer
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short versus long stem or collar versus collarless stem

Discussion

From the current available evidence, this systematic review
and meta-analysis have shown the following: collared femo-
ral stem provides a lower risk of having complications of
0.02 (95%C10.001, 0.30) when compared to collarless femo-
ral stem. Long femoral stem had a lower risk of complica-
tions by 0.57 (95%CI 0.48, 0.68) when compared to short
femoral stem. In terms of revision, there was no statistically
significant difference in collared femoral stem compared to
collarless femoral stem and long femoral stem compared to
short femoral stem.

The issue of increased risk of revision for femoral-related
complications with the anterior approach has been debated
in the literature recently. Many studies [9, 14, 32, 37, 45,
59] reported that increased rate of revision for early femoral
failure secondary to loosening or fracture in patients who
had undergone total hip arthroplasty via the DAA approach
compared to the posterior approach. An interesting finding
of these studies was the effect of stem design on the rate
of femoral loosening or fracture such as short stem [52],
undersized stem [45] and collarless tapered stem [9, 52].
The hypothesis on the increased rate of loosening with the
tapered wedge inserted via an anterior approach is that there
is an increased risk of loosening due to failure to obtain
adequate initial stability and subsequent ingrowth. In the
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Table 3 Estimation of the pooled prevalence of complications and revisions of collar versus collarless DDA approaches
Author N Collarless stem

Complication Fusion

Yes No Yes No
Fahs AM 100 0 100 0 100
Zhao HY 120 0 120 0 120
Ponzio DY 289 21 268 2 287
Perry CR 50 0 50 0 50
Patton RS 1665 183 1482 10 1655
Khemka A 138 18 120 0 138
Kanda A 103 0 103 0 103
Shemesh SS 75 0 75 0 75
Sariali E 154 2 152 0 154
Nakamura J 100 5 95 1 99
Kawarai Y 106 5 101 0 106
Hartford IM 442 18 424 9 433
Guild GN 232 0 232 0 232
Cohen EM 487 12 475 0 487
Chen M 96 56 40 1 95
Tamaki T 790 15 775 8 782
Homma Y 120 0 120 0 120
Fransen B 45 8 37 0 45
Hamilton WG 100 4 96 2 98
Christensen CP 28 0 28 0 28
Zawadsky MW 100 11 89 2 98
Taunton MJ 27 2 25 0 27
Rodriguez JA 60 4 56 0 60
Hoell S 107 7 100 1 106
De Geest T 300 51 249 20 280
William B 43 10 33 0 43
Kleinert K 120 16 104 4 116
Hallert O 200 17 183 6 194
Restrepo C 50 0 50 0 50
Nakata K 99 0 99 0 99
Oinuma K 111 4 107 0 111
Pooled mean (95%CI) 5457 0.057 (0.038, 0.077) 0.009% (0.006, 0.012)
Author N Collar stem

Complications Revisions

Yes No Yes No
Bingham JS 298 0 298 0 298
Bernard J 11 0 11 0 11
Brown ML 59 0 59 0 59
Pooled mean (95%CI) 368 0 0

anterior approach, broaching trajectory is not always lin-
ear; this may be secondary to patient body habitus, femoral
exposure, or the patient’s proximal femoral anatomy. With a
thin, collarless tapered stem design, nonlinear broach inser-
tion and extraction can create an anterior metaphyseal gap

that compromises initial stability leading to subsidence, dis-
tal potting and failure of proximal ingrowth [9]. Our study
found that the collared stem lowered the risk of loosening
or fracture when compared to the collarless stem, which is
a similar result to some large retrospective studies [9]. A

@ Springer
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Table 4 Estimation of the pooled prevalence of complications and revisions of short- versus long-stem DDA approaches

Author N Long stem

Complications Revisions

Yes No Yes No
Kanda A 103 0 103 0 103
Sariali E 154 2 152 0 154
Nakamura J 100 5 95 1 99
Kawarai Y 106 5 101 0 106
Hartford IM 442 18 424 9 433
Guild GN 232 0 232 0 232
Cohen EM 487 12 475 0 487
Chen M 96 56 40 1 95
Tamaki T 790 15 775 8 782
Homma Y 120 0 120 0 120
Fransen B 45 8 37 0 45
Hamilton WG 100 4 96 2 98
Zawadsky MW 100 11 89 2 98
Taunton MJ 27 2 25 0 27
Rodriguez JA 60 4 56 0 60
Hoell S 107 7 100 1 106
De Geest T 300 51 249 20 280
William B 43 10 33 0 43
Kleinert K 120 16 104 4 116
Restrepo C 50 0 50 0 50
Nakata K 99 0 99 0 99
Oinuma K 111 4 107 0 111
Zhao HY 120 0 120 0 120
Bingham JS 298 0 298 0 298
Bernard J 11 0 11 0 11
Brown ML 59 0 59 0 59
Pooled mean (95%CTI) 4280 0.052 (0.031, 0.072) 0.015 (0.010, 0.020)
Author N Short stem

Complications Revisions

Yes No Yes No
Fahs AM 100 0 100 0 100
Ponzio DY 289 21 268 2 287
Perry CR 50 0 50 0 50
Patton RS 1665 183 1482 10 1655
Khemka A 138 18 120 0 138
Shemesh SS 75 0 75 0 75
Hallert O 200 17 183 6 194
Christensen CP 28 0 28 0 28
Pooled mean (95%CI) 2545 0.102 (0.09, 0.114), 0.007 (0.003, 0.010)

collared stem offers numerous theoretical advantages such
as reduced subsidence, better rotational stability, and lower
risks of calcar fracture propagation [9]. These theories were
confirmed in a cohort study in which Demey et al. [12] found
that collared Corail stems were able to withstand greater

@ Springer

vertical and horizontal forces before the initiation of sub-
sidence and subsequent fracture. As the femoral stem is at
greatest risk of subsidence or early fracture before secondary
fixation (osseointegration), it is possible that the improved
immediate stability conferred by collared stems allows more
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Table 5 Comparisons of prevalence of complications and revisions between short and long stem or collar and collarless stem
Author Complications OR 95% CI
Long Short
Yes No Yes No
Pooled study 230 4050 239 2306 0.57 0.48, 0.68
Author Revisions OR 95% CI
Long Short
Yes No Yes No
Pooled study 48 4232 18 2527 1.59 0.93,2.7
Author Complications OR 95% CI
Collar Collarless
Yes No Yes No
Pooled study 0 368 469 5988 0.02 0.001, 0.30
Author Revisions OR 95% CI
Collar Collarless
Yes No Yes No
Pooled study 0 368 66 6391 0.13 0.01,2.12

rapid bony ingrowth to achieve secondary fixation. This may
be of increased importance with the current emphasis on
early functional recovery after THA. Moreover, Cidambi
et al. [9] reported that the implantation of a collared HA-
coated compaction broached stem or metaphyseal fit and fill
stem is now routinely used at their center for primary THA
via the DAA because of the aforementioned benefits. There-
fore, our results confirmed that collared femoral stem should
be used as implant of choice to decrease risk of femoral-
related complications in DAA for THA.

The strength of this study is that we use adequate meth-
odology of systematic reviews in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [106] as well as providing exploration
and reduction in the heterogeneity of the studies using sub-
group analysis and adequate statistical analysis.

Moreover, this study has conclusive evidence about long
femoral stem and collar femoral stem should be selected
to decrease complication and revision after DAA for THA.

There are some limitations in this study. First of all, the
quality of studies for the meta-analysis was not high. Ideal
evidence for systematic review is a randomized controlled
trial (RCT), which is most commonly used in testing the effi-
cacy of surgery. The quality of data available is relatively
poor, with a predominance of non-comparative retrospective
studies. There were no randomized controlled trials or pro-
spective comparative studies. This could be a possible source
of bias between groups due to the opportunity for selection,
different baseline characteristics and likely for publication

bias. Secondly, heterogeneity remains an important factor
to be considered in the conduct and interpretation of meta-
analysis, and the heterogeneity between studies was great. We
applied the random effects meta-analysis to adjust for the dif-
ferences between studies, and the possible causes of hetero-
geneity were explored if covariate data at baseline (e.g., age,
percentage of female patients, BMI, follow-up time, type of
disease and study quality) were available. The third limitation
is that there is also a measurement bias, as the studies dif-
fered in their definition and reporting of complications. The
fourth limitation is that indirect meta-analysis was used for
calculating the mean difference and odds ratio between the
two groups, due to the fact that most included studies were
case series reports of only one technique. The fifth limitation
is that there are other outcomes of interest that can be used to
compare collared and collarless stem such as operation cost
and quality of life. However, these factors could not be ana-
lyzed because of insufficient data. The sixth limitation is that
among studies, the follow-up time varied, which could affect
reports of reoperation rates. Finally, several studies did not
make specific mention of certain complications. In this study,
it was assumed that those complications were not present
rather than not reported for the primary outcome analysis.
This is a potential source of bias.

In conclusion DAA THA, collared femoral stem and
long femoral stem had better complication rates when
compared to collarless femoral stem and short femoral
stem with direct and indirect meta-analysis methods. How-
ever, in terms of revision rates, there were no differences
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between all femoral stems (short versus long and collared
versus collarless). Prospective randomized controlled stud-
ies are needed to confirm these findings as the current
literature is still insufficient.
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