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Abstract

Purpose Tibial plateau fractures (TPFs) may lead to posttraumatic osteoarthritis and increase the risk for total knee arthro-
plasty (TKA). The aim of this systematic review was to analyse the conversion rate to TKA after TPF treatment.

Methods A systematic search for studies reviewing the conversion rate to TKA after TPF treatment was conducted. The
studies were screened and assessed by two independent observers. The conversion rate was analysed overall and for selected
subgroups, including different follow-up times, treatment methods, and study sizes.

Results A total of forty-two eligible studies including 52,577 patients were included in this systematic review. The overall
conversion rate of treated TPF to TKA in all studies was 5.1%. Thirty-eight of the forty-two included studies indicated a
conversion rate under 10%. Four studies reported a higher percentage, namely, 10.8%, 10.9%, 15.5%, and 21.9%. Risk factors
for TKA following TPF treatment were female sex, age, and low surgeon and hospital volume. The conversion rate to TKA
is particularly high in the first 5 years after fracture.

Conclusion Based on the studies, it can be assumed that the conversion rate to TKA is approximately 5%. The risk for TKA
is manageable in clinical practice.

Prospero registration number CRD42023385311.

Level of evidence IV.
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Abbreviations Introduction

TPF Tibial plateau fracture

TKA  Total knee arthroplasty Tibial plateau fractures (TPFs) are injuries of the proximal
ORIF  Open reduction and internal fixation tibia that can be intraarticular or extraarticular. Treatment
PTOA Posttraumatic osteoarthritis of these injuries can be nonoperative or operative. Surgical

possibilities are a fixation procedure or primary total knee
arthroplasty (TKA). The gold standard fixation method is
open reduction and internal fixation (ORIF). Surgical treat-
ment may lead to infection, knee stiffness, non-union, fixa-
tion failure, and posttraumatic osteoarthritis (PTOA) [43].
PTOA has been reported to occur relatively frequently
in patients with TPF [27, 36]. The latter can lead to knee
arthroplasty at an early or later stage. Compared to TKA due
to primary osteoarthritis, knee arthroplasty with a previous
TPF can present a major challenge due to stiffness, com-
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In elderly patients, ORIF is a challenge due to poor bone
quality, metaphyseal bone comminution, and a friable soft
tissue envelope. One approach is to treat older patients with
knee arthroplasty instead of a fixation procedure, which
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primarily poses different challenges [22, 52]. The risk of
TKA after surgically treated TPF remains unclear.

The objective of this systematic review was to quantify
the conversion rate to TKA after TPF treatment. It was
hypothesised that the conversion rate is not as high as often
assumed.

Methods

This systematic review was conducted according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 Guidelines [33].

Search strategy

The purpose of this review was to assess the risk of TKA
following TPF treatment. A comprehensive systematic
search using the PubMed, Medline, and Scopus databases
was performed. The search terms were ( “tibial plateau
fracture”) OR (“proximal tibia fracture”) AND (“tka”’) OR
(“total knee arthroplasty”) OR ( “total knee replacement” ).
The capitalised words represent Boolean operators. All
articles published before December 2022, when the
systematic search was conducted, were considered.

Inclusion criteria

Inclusion criteria comprised a mean follow-up of 1 year and
a cohort of at least ten patients. The search was limited to the
English and German languages. No study was excluded due
to the year of publication. Systematic reviews, conference
abstracts, review articles, and expert opinions were not
included. Studies reporting on surgically treated TPFs as
well as studies reporting on nonoperatively treated TPFs
were considered.

Exclusion criteria

Literature reviewing TPFs treated with primary TKA was
excluded. Studies analysing TPF treated with osteochondral
allograft, alone or combined with a femoral osteotomy,
were also not considered. Studies were not included if the
full text was not available. Articles reporting pathological
TPF were not examined in this systematic review. Different
studies with the same number of patients and TKAs, same
follow-up, same authors, and same hospital were considered
only once.

Selection process and data collection

Two authors (Initials) independently reviewed the titles
and abstracts of the retrieved articles. Next, duplicates
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were removed, and full texts were analysed by applying the
inclusion and exclusion criteria. In case of disagreement
on inclusion, a consensus was reached by discussion with
a third author (AK). The references of the retrieved articles
were manually screened. Afterwards, the studies were
searched for the following data: number of patients with
a TPF, follow-up time (mean, minimal, maximal), patients
who have undergone TKA, and percent value (TKA/TPF).
Missing information (e.g. percent value: TKA/TPF) was
calculated manually with the specified data.

The total conversion rate of all studies was calculated
as the sum of all patients and all TKAs. Furthermore, the
conversion rate was determined for some selected subgroups.
The results are presented graphically. The data evaluation
was performed by two authors independently. A meta-
analysis could not be performed due to the heterogeneity
of the study data. Therefore, the content of the studies was
analysed through a descriptive procedure.

To assess the trustworthiness, relevance, and results
of the published papers, the Joanna Briggs Institute (JBI)
critical appraisal checklist for case series [30] was used. Two
authors applied the JBI tool independently for assessment of
the selected articles. Any disagreement was resolved through
discussion with a third author.

Results
Search results

A total of 2087 articles were identified through a compre-
hensive search of the PubMed, Medline, and Scopus data-
bases, resulting in twenty-five studies meeting the inclusion
criteria. Through a manual search of the references in the
retrieved papers, 17 articles were added. Finally, 42 studies
were included in this systematic review (Fig. 1).

Study characteristics

In total, 52,577 patients were examined in the forty-two
studies. The study with the largest number of participants
reviewed 22,988 patients [49]. The key characteristics of the
identified studies are summarised in Tables 1 and 2.

Thirty-five papers verified outcome after surgical treat-
ment. Seven studies included surgically and non-surgically
treated patients [3, 12, 20, 27, 28, 45, 49]. Four studies
involved no TKA implantation during the follow-up time.
Half of all studies reported a percentage between 2.5% and
7% (Fig. 2). Four publications had a percent value over 10%.
The highest conversion rate was reported at 21.9% after a
mean follow-up time of 6.8 years.

The overall conversion rate of all patients and TKAs
of the included studies was 5.1% (Table 3). Studies with a
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Fig. 1 Flowchart showing the
literature selection process

INCLUSION

Studies identified using
the search strategy EXCLUSION
n=2087

Removal of duplicates
n=1157

Studies screened
n =930

Studies identified
n=25

Studies identified

from references
n=17

mean follow-up under 5 years reported that 4.2% of patients
underwent TKA, compared to 5.9% in studies with a mean
follow-up of more than 5 years. A lower conversion rate
to TKA was determined in studies including surgically and
non-surgically treated patients (4.6%). When considering
only studies with surgically treated patients, the percentage
was 6.3%.

Table 4 shows the results of the evaluation of the studies
using the JBI tool.

Discussion

The most important finding of this systematic review was
that the conversion rate to TKA is not as high as often
assumed. Thirty-eight of the forty-two articles identified a
conversion rate between 0 and 10%. Two studies specified
that the percentage value was slightly higher at 10.8% and
10.9% [3, 23]. The highest conversion rates to TKA were
15.5% and 21.9% [9, 47]. The high percentage cannot be
deduced from the available study results. Four articles
reported no TKA during the follow-up time. This might be
a result of the low number of patients in these studies or
shorter follow-up.

The sum of all patients with TPF and all TKAs results
in a conversion rate of 5.1%. Half of all included studies

Studies included in the
review
n=42

reported a percentage between 2.5 and 7%. The average
risk was approximately 5% when considering only the five
largest studies [12, 40, 45, 49, 51]. Based on the available
publications, the risk for knee replacement can be expected
to be approximately 5%.

Studies that included only surgically treated patients
showed a higher conversion rate than studies including
non-surgically treated patients. The reason for this might
be that patients treated non-surgically had no or minimal
displacement, which might influence the onset of PTOA.

ORIF is the gold standard for tibial plateau fracture [35].
Chan et al. [9] compared patients with external fixation to
patients with internal fixation after TPF. The study reported
no significant difference in outcome between these fixation
methods. Some articles investigated the outcome of TPF
with other treatment methods, such as the Allring fixator
[2], Tlizarov fixator [37], or LISS (less invasive stabilisation
system) plate [5]. Due to the small number of participants
in the studies with different fixation methods, it was not
possible to compare them directly with each other.

Three studies were designed as a matched cohort study.
Risk for TKA was compared between patients with a previ-
ous TPF and patients without a previous TPF. The publica-
tion of Elsoe et al. [12] reported that 5.7% of patients with a
previous TPF and 2% of patients without a TPF underwent
TKA during the follow-up period. The risk for TKA was 3.5
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Table 1 List of all included studies: author, year of publication, study type, follow-up time (mean, minimal, maximal) age, male/female

Number Author Year of Study type Follow-up time [years] Age [years] Male/female

publication — -

Mean Minimal Maximal

1 Kim et al. [25] 2022 Retrospective 2 1 8 56.5 90/63
2 Ochen et al. [31] 2020 Retrospective 7.1 1 NA 53 107/107
3 Pinter et al. [34] 2020 Retrospective NA NA NA NA NA
4 Oladeji et al. [32] 2019 Retrospective 1.8 0.5 11 47 192/158
5 Scott et al. [40] 2020 Retrospective 5 NA NA 64.5 469/808
6 Ali et al. [2] 2003 Prospective 3.1 1.5 4.2 72 NA
7 Wasserstein et al. [51] 2014 Retrospective 10 NA NA 48.9 4343/4083
8 Elsoe et al. [12] 2019 Retrospective 13.9 NA NA 52.6 3466/4484
9 Gonzalez et al. [18] 2020 Prospective 5.6 5 10.7 47.9 49/53
10 Tarng et al. [46] 2019 Retrospective 2.8 2 4 53 5/11
11 Hansen et al. [19] 2022 NA 3 NA NA NA NA
12 Warner et al. [50] 2018 Retrospective 2.5 1 9.2 54 40/42
13 Shimizu et al. [41] 2016 Retrospective 4 1 13 72 NA
14 Row et al. [39] 2018 Retrospective 1.3 1 2.8 43 NA
15 Hsu et al. [21] 2001 Retrospective 4.1 3 5.6 66.3 17/3
16 Timmers et al. [47] 2014 Retrospective 6.8 2.6 13.3 64.3 26/56
17 Chan et al. [9] 2012 NA NA 2 NA 49 NA
18 Kalmet et al. [23] 2019 Retrospective NA 1 NA 50.8 52/39
19 Manidakis et al. [27] 2010 Retrospective 1.6 1 5.8 52 73/52
20 Su et al. [44] 2004 Retrospective 2.5 NA NA 66.7 14/24
21 Frattini et al. [17] 2009 Retrospective 4.2 2 11 72 23/26
22 Biyani et al. [4] 1995 Retrospective 3.7 1 7 71.7 NA
23 Ramos et al. [37] 2013 Prospective NA 1 NA 51 18/12
24 Citak et al. [10] 2019 Retrospective 2.1 1.1 4.6 51.2 15/5
25 Vestergaard et al. [49] 2020 NA NA NA NA NA NA
26 Cavallero et al. [8] 2018 Retrospective 2 1 3.4 50 34/22
27 Simpson et al. [42] 2004 Retrospective NA 1 NA 52.2 12/14
28 Mehin et al. [28] 2012 Retrospective 11 2 17 45.8 NA
29 van Dreumel et al. [48] 2015 Retrospective 6.1 29 9.8 NA NA
30 Roerdink et al. [38] 2001 Retrospective 3 2 5 72 3/27
31 Elsoe et al. [14] 2016 Retrospective 52 NA NA 45.1 17/20
32 Elsoe et al. [13] 2018 Prospective 1 NA NA NA NA
33 Elsoe et al. [15] 2016 Retrospective 2.5 NA NA 53.8 12/16
34 Krupp et al. [26] 2009 Retrospective 1.1 0.5 4.4 47 23/35
35 Honkonen [20] 1994 NA 7.6 33 13.4 50.5 52/78
36 Alietal. [1] 2003 Prospective 2.5 1.5 4.2 57 8/12
37 Tapper et al. [45] 2022 Retrospective 5.1 NA NA 57 3269/4432
38 Assink et al. [3] 2022 NA 6.7 NA NA 53.1 155/379
39 Keightley et al. [24] 2015 Retrospective 7.8 1 19 49 62/43
40 Boldin et al. [5] 2006 Prospective NA 3 34 NA NA
41 Dall’oca et al. [11] 2012 Retrospective 6.1 1 9.6 51 54/46
42 Rademakers et al. [36] 2007 Retrospective 1 NA NA 46 112/90

NA, not available

times higher with a prior TPF. Wasserstein et al. [S1] even  treated group of patients and 1.8% in the nonoperatively
described a 5.3-fold increased risk for TKA compared with  treated group compared with a reference group.

a matched group from the general population. Tapper et al. The risk for a TKA is particularly high in the first 5 years
[45] reported an increase in the risk of 3.2% in the surgically ~ after the injury. Data from long-term studies show that
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Table 2 List of all included studies: author, patients with a TPF, patients who underwent TKA, percent value (TKA/TPF), type of fracture, time
to TKA, therapy

Number Author Patients TKA % Type of fracture Time to TKA Treatment
1 Kim et al. [25] 153 32 TPF 41B/C 2.8 Operative
2 Ochen et al. [31] 214 2.8 Bicondylar TPF 1.9 Operative
3 Pinter et al. [34] 891 19 2.1 TPF 1.7 Operative
4 Oladeji et al. [32] 350 21 6.0 TPF 41B/C 3.7 Operative
5 Scott et al. [40] 1277 58 4.5 TPF 1.5 Operative
6 Alietal. [2] 11 1 9.0 Bicondylar TPF NA Operative
7 Wasserstein et al. [51] 8426 615 7.3 TPF NA Operative
8 Elsoe et al. [12] 7950 452 5.7 TPF NA Operative and nonoperative
9 Gonzalez et al. [18] 102 1 0.9 Displaced TPF 4 Operative
10 Tarng et al. [46] 16 0 0 3 Column TPF - Operative
11 Hansen et al. [19] 56 5 8.9 lateral TPF 1.6 Operative
12 Warner et al. [50] 82 1 1.2 TPF 3 Operative
13 Shimizu et al. [41] 31 0 0 Displaced TPF - Operative
14 Row et al. [39] 28 1 35 Bicondylar TPF NA Operative
15 Hsu et al. [21] 20 0 0 Displaced TPF - Operative
16 Timmers et al. [47] 82 18 21.9 TPF NA Operative
17 Chan et al. [9] 58 9 15.5 Bicondylar TPF NA Operative
18 Kalmet et al. [23] 91 10 10.9 TPF NA Operative
19 Manidakis et al. [27] 125 5 4.0 TPF 2.6 Operative and nonoperative
20 Su et al. [44] 38 3 7.9 Displaced TPF 1.1 Operative
21 Frattini et al. [17] 49 2 4.0 TPF 4 Operative
22 Biyani et al. [4] 32 0 0 Displaced TPF - Operative
23 Ramos et al. [37] 30 2 6.6 displaced TPF 1.7 Operative
24 Citak et al. [10] 20 1 5.0 Bicondylar TPF 1.2 Operative
25 Vestergaard et al. [49] 22,988 1013 44 TPF NA Operative and nonoperative
26 Cavallero et al. [8] 56 2 35 Bicondylar TPF NA Operative
27 Simpson et al. [42] 26 2 7.6 Lateral TPF 1.1 Operative
28 Mehin et al. [28] 286 8 2.7 TPF NA Operative and nonoperative
29 van Dreumel et al. [48] 96 7 7.3 TPF 1 Operative
30 Roerdink et al. [38] 30 1 33 TPF 2 Operative
31 Elsoe et al. [14] 37 2 5.4 Lateral TPF NA Operative
32 Elsoe et al. [13] 24 1 4.1 TPF NA Operative
33 Elsoe et al. [15] 28 1 3.5 Lateral TPF NA Operative
34 Krupp et al. [26] 58 2 34 Bicondylar TPF NA Operative
35 Honkonen [20] 130 3 2.3 TPF NA Operative and nonoperative
36 Alietal. [1] 20 1 5.0 Bicondylar TPF NA Operative
37 Tapper et al. [45] 7701 340 44 TPF 2.1 Operative and nonoperative
38 Assink et al. [3] 534 58 10.8 TPF NA Operative and nonoperative
39 Keightley et al. [24] 105 2 1.9 Schatzker IV, V, VI 6.5 Operative
40 Boldin et al. [5] 24 2 8.3 TPF 2.1 Operative
41 Dall'oca et al. [11] 100 2 2.0 TPF NA Operative
42 Rademakers et al. [36] 202 2 0.9 TPF NA Operative

NA, not available

comparatively fewer prostheses are fitted after 5 years [12,
51]. Scott et al. [40] and Ochen et al. [31] reported a time
to TKA as 1.5 years and 1.9 years, respectively. The mean
follow-up times in these studies were 7.1 years and 5 years.

In relation to the follow-up time, a change to a TKA became
necessary at an early stage. By comparing articles with a fol-
low-up of less than 5 years and more than 5 years, we found
slightly increased percentages for the Ist and 3rd quartiles
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Conversion rate [%]

less than 200 patients included »—ED—I
mean follow-up under 5 years b—CD—I
overall —D:

0.00% 5.00% 10.00% 15.00% 20.00% 25.00%

more than 200 patients included

mean follow-up over 5 years

Fig.2 Boxplots showing the conversion rates [%] to total knee arthro-
plasty: overall, follow-up under 5 years, follow-up over 5 years, stud-
ies with more than 200 patients, studies with less than 200 patients
(studies comparing treatment methods are not presented due to the
small number of studies with nonoperative and operative treated
patients)

Table 3 Conversion rate overall and in selected subgroups

Group Patients TKA %

Overall 52,577 2684 5.1
Mean follow-up under 5 years 2706 113 4.2
Mean follow-up over 5 years 25,763 1514 5.9
Operative 12,863 805 6.3
Operative and nonoperative 39,714 1821 4.6
More than 200 patients Included 50,819 2592 5.1
Less than 200 patients included 1758 92 5.2

and the median with a follow-up of more than 5 years. In
summary, it can be assumed that the highest risk of convert-
ing to TKA is in the first 5 years after the fracture.

Some publications reported risk factors that led to the
implantation of prostheses. The study by Wasserstein et al.
[51] pointed out that bicondylar fractures are associated with
increased risk of TKA. Eight publications included only
bicondylar fractures. However, no increased conversion to
TKA was found. In addition, Scott et al. [40] reported a
higher conversion rate of unicondylar fractures compared to
bicondylar fractures (not statistically significant).

Six publications pointed out a higher conversion rate
among women [12, 19, 32, 40, 45, 51]. In the study by Su
et al. [44], three patients underwent TKA, and all of them
were women. Among other aspects, associations for higher
conversion rates with the following were reported: tobacco
[32], high BMI [19, 40], comorbidities [51], and a high rate
of soft tissue injuries [19]. However, these correlations are
not entirely clear. For example, according to Scott et al.
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[40], tobacco and diabetes are not significant risk factors.
Wasserstein et al. [S1] found no association between TKA
and rural address, open fracture, associated tibial shaft
fracture, hospital status, surgeon volume, or after-hours
surgery. Brodke et al. [7] explicitly compared the conversion
rate between hospitals and surgeons with high and low
caseloads. It was detected that high-volume treatment of
TPF reduced the risk of TKA. It can be assumed that low
case numbers and female sex are risk factors for TKA after
a TPF.

The included studies referred to controversial statements
about age as a risk factor for TKA. The study by Kim
et al. [25] compared the need for TKA between elderly
and younger patients. No significant difference was found
between these two age groups. Seven studies in this
systematic review included only elderly patients [2, 4,
17, 21, 38, 41, 44]. No increased conversion to TKA was
observed. However, the number of study participants and the
follow-up time were significantly low. Three large studies
[12, 45, 51] reported increased risk in elderly patients for
TKA after TPF. Furthermore, these publications had a long
follow-up time after the fracture. Additionally, the literature
states that older age probably leads to poorer fracture healing
[16, 29]. Therefore, it can be assumed that older age leads to
more TKAs after TPF.

This systematic review has some limitations. Only
five studies with more than a thousand patients were
included. Most publications reviewed fewer than 100 study
participants. In some studies, the mean follow-up time was
short. Different treatment methods were used in the studies.
Therefore, articles with different study sizes, follow-up, and
treatment methods were compared with each other in terms
of conversion to TKA, risk factors, and time to TKA.

Implications of this review: The risk of TKA following
TPF is not as high as often assumed. Non-operative
therapy and joint preservation surgery are good treatment
methods, and the risk for TKA is manageable. Based on the
publications, a conversion rate of approximately 5% can be
concluded. The risk for TKA after TPF is manageable in
clinical practice.

Conclusion

The conversion rate ranged from O to 21%. Based on
the available data, risk for TKA can be assumed to be
approximately 5%. Risk factors for TKA are female sex,
elderly, and low surgeon and hospital volume. The risk for
TKA increases in the first 5 years following TPF.
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checklist forsaseseies P2 3 4 s 6 7 8 5 1
1 Kim et al. [25] Y Y Y U U Y Y Y Y Y
2 Ochen et al. [31] Y Y Y Y Y Y Y Y Y Y
3 Pinter et al. [34] Y Y Y U U Y Y Y Y Y
4 Oladeji et al. [32] Y Y Y Y Y Y Y Y Y Y
5 Scott et al. [40] Y Y Y Y Y Y Y Y Y Y
6 Ali et al. [2] Y Y Y Y Y Y Y Y Y Y
7 Wasserstein et al. [51] Y Y Y Y Y Y Y Y Y Y
8 Elsoe et al. [12] Y Y Y Y Y Y N Y Y Y
9 Gonzalez et al. [18] Y Y Y Y Y Y Y Y Y Y
10 Tarng et al. [46] Y Y Y Y Y Y N Y Y NA
11 Hansen et al. [19] Y Y Y Y Y Y Y Y Y NA
12 Warner et al. [50] Y Y Y U U Y Y Y Y Y
13 Shimizu et al. [41] Y Y Y U U Y Y Y Y Y
14 Row et al. [39] Y Y Y Y Y Y Y Y Y NA
15 Hsu et al. [21] Y Y Y U U Y Y Y Y NA
16 Timmers et al. [47] Y Y Y Y Y Y N Y Y Y
17 Chan et al. [9] Y Y Y Y Y Y N Y Y Y
18 Kalmet et al. [23] Y Y Y U U Y N Y Y Y
19 Manidakis et al. [27] Y Y Y Y Y Y Y Y Y Y
20 Su et al. [44] Y Y Y Y Y Y Y Y Y Y
21 Frattini et al. [17] Y Y Y Y Y Y Y Y Y Y
22 Biyani et al. [4] Y Y Y U U Y Y Y Y Y
23 Ramos et al. [37] Y Y Y N N Y Y Y Y Y
24 Citak et al. [10] Y Y Y U U Y Y Y Y Y
25 Vestergaard et al. [49] Y Y Y Y Y Y Y Y Y Y
26 Cavallero et al. [8] Y Y Y Y Y Y Y Y Y Y
27 Simpson et al. [42] Y Y Y NA NA Y N Y Y Y
28 Mehin et al. [28] Y Y Y Y Y Y Y Y Y Y
29 van Dreumel et al. [48] Y Y Y Y Y Y Y Y Y Y
30 Roerdink et al. [38] Y Y Y Y Y Y Y Y Y Y
31 Elsoe et al. [14] Y Y Y Y Y Y Y Y Y Y
32 Elsoe et al. [13] Y Y Y Y Y Y Y Y Y Y
33 Elsoe et al. [15] Y Y Y Y Y Y N Y Y Y
34 Krupp et al. [26] Y Y Y Y Y Y Y Y Y Y
35 Honkonen [20] N Y Y U U Y Y Y Y Y
36 Alietal. [1] Y Y Y Y Y N Y Y Y Y
37 Tapper et al. [45] Y Y Y Y Y Y N Y Y Y
38 Assink et al. [3] Y Y Y Y Y Y Y Y Y Y
39 Keightley et al. [24] Y Y Y Y Y Y N Y Y Y
40 Boldin et al. [5] Y Y Y Y Y y Y Y Y Y
41 Dall'oca et al. [11] Y Y Y U U Y Y Y Y Y
42 Rademakers et al. [36] Y Y Y Y Y Y N Y Y Y

Question 1: clear criteria for inclusion? 2: condition measured in a standard reliable way? 3: valid methods
used for identification of the condition? 4: consecutive inclusion? 5: complete inclusion of all participants?
6: reporting demographics (time period and male/female, age or something else)? 7: reporting of clinical
information (at least 3 clinical information: type of fracture, mechanism of injury, comorbidities, or
something else)? 8: outcomes or follow-up results clearly reported? 9: reporting demographic information?

10: statistical analysis appropriate?

Y, yes; N, no; U, unclear; NA, not applicable
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