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Abstract



A systematic review and network meta-analysis was conducted to compare different bone-substitute materials
used for alveolar ridge preservation after tooth extraction. The electronic search was carried out on Embase,
PubMed, Cochrane Library, Web of Science, Scopus, LILACS, and grey literature up to March 22, 2020
(registration number INPLASY202030005). Only randomized controlled trials were included to answer the
following PICOS question: ‘What grafting materials produce greater alveolar ridge preservation after tooth
extraction?’ The primary outcomes were the alveolar width resorption 1 mm below the alveolar crest and buccal
height resorption in millimeters. Of the 4379 studies initially identified, 31 studies involving 1088 patients were
included in the quantitative analyses. Out of 25 revised biomaterials, eight showed a statistically significant
difference compared with unassisted healing in both alveolar width and height measurements (mean width
differences: Apatos®, 2.27 [1.266e3.28]; Bio-Oss®), 0.88 [0.33e1.42]; Bio-Oss Coll®), 0.53 [0.04e1.01]; Bond-
apatite®), 2.20 [1.30e3.11]; freeze- dried bone allograft, 1.35 [0.44€2.26]; Gen-Os®), 1.90 [0.60e3.20]; platelet-
rich fibrin, 1.66 [0.66 e2.67]; and MP3®), 2.67 [1.59€3.75]). Overall, xenograft materials should be considered as
among the best of the available grafting materials for alveolar preservation after tooth extraction.

Keywords: alveolar ridge preservation; grafting materials; network meta-analysis

1. Introduction

Alveolar bone remodeling is a physiological process observed after tooth extraction that may compromise the
subsequent dental implant rehabilitation (Chappuis et al., 2013; Morjaria et al., 2014). Most of the alveolar bone
resorption occurs during the first 3e6 months after tooth extraction, resulting in a bone width loss of 29e63%
(Tan et al., 2012). Different bone-substitute materials havebeen proposed to reduce the natural collapse in the
socket after tooth extraction (Canellas et al., 2019c). However, there is no grafting material that can prevent
bone resorption completely (Avila-Ortiz et al., 2014; Morjaria et al., 2014; Jung et al., 2018b). Decisions regarding
what types of biomaterial offer the most predictable clinical outcomes should consider the potential expected
difference in alveolar bone loss between the grafting material and the natural healing, and the cost-effectiveness
of each biomaterial (Canellas et al., 2019b).

Network meta-analysis is a statistical method applied to systematic reviews that allows the comparison of
multiple interventions, even if these interventions were not directly comparedin the primary studies (Cipriani et
al., 2013). This technique is considered a robust method for producing evidence regarding clinical questions
when there is a wide variety of interventions available (Salanti, 2012).

Many grafting materials have been suggested for alveolar ridge preservation after tooth extraction
(Canellas et al., 2019c¢). It is unlikely that individual randomized clinical trials (RCTs) and traditional pairwise
meta-analyses can provide evidence for allinterventions available, since the number of RCTs reporting direct
comparisons of alveolar bone loss with more than three different grafting materials is limited. Therefore, in this
context, network meta-analysis becomes a key tool for answering important clinical questions to guide decision
making.

To our knowledge, no previous systematic review has analyzed each type of bone-substitute material
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separately, and then combined the evidence from RCTs using a frequentist-weighted, least- squares model. The
objective of our systematic review was to examine the clinical performances of different grafting materials for
alveolar preservation after tooth extraction, using a frequentistnetwork meta-analysis. This approach combines
direct andindirectevidence from RCTs to obtain more precise pooled estimates of thetreatment differences. The
focused question addressed was: What grafting materials produce greater alveolar ridge preservation aftertooth

extraction?

2. Materials and methods

21 PICOS strategy and eligibility criteria

This systematic review was presented according to the PRISMAstatement (Preferred Reporting Items for
Systematic Review and Meta-Analyses) (Moher et al.,, 2009). The PICOS strategy (Patient, Intervention,
Comparison, Outcome, and Study) was used to pro- duce a well-formulated question. The protocol for this
systematic review was registered prospectively in the Platform of Registered Systematic Review and Meta-
analysis Protocols (INPLASY), registration number INPLASY 202030005 (Canellas et al., 2020c¢).

The primary outcomes were the alveolar width resorption 1 mmbelow the alveolar crest and buccal height
resorption in millimeters. Width resorption was defined as the difference between alveolar width at baseline
(immediately after tooth extraction) andafter 3e6 months. The alveolar widths were assessed 1 mm below the
crest based on radiographic images (cone-beam computed tomography or fan-beam computed tomography
scans), three-dimensional virtual models, or using clinical methods such as ridge calipers, custom-made stents,
and periodontal probes. The height of the alveolar bone was defined at the buccal surface using the same
radiographic or clinical methods described for width analysis. Height resorption was measured by the difference
be- tween alveolar height at baseline and 3 months after extraction. Bone resorption was expressed using
negative values to represent the amount of bone loss in millimeters. The secondary outcomes were alveolar
width resorption 3 mm below the alveolar crest, andalveolar width resorption 5 mm below the alveolar crest. The
included studies were randomized clinical trials in which the out- comes were measured between 3 and 6 months
after tooth extraction.

The included patients were all adults (>18 years). Studies comparing only membrane barriers, or studies
using membrane barriers in the control group (no grafting) were excluded. Studies without width measurement,
without focus on alveolar bone preservation, and those with incomplete data identified from the grey literature
were also excluded. Only studies that reported alveolar bone changes measured 3e6 months after tooth

extractionwere included.

2.2 Electronic sources and search strategy

A comprehensive electronic search was conducted on EMBASE, MEDLINE/PubMed, Cochrane Library,
Scopus, Web of Science, LatinAmerican and Caribbean Health Sciences Literature database (LI- LACS), and grey
literature up to March 22, 2020. Medical subject heading terms (MeSH) and free-text words were used in the
electronic database searches. The search strategy is presented in Electronic Supplementary Material Table 1.

There were no re- strictions regarding year of publication gr language of the identifiedstudies. The grey literature



search was carried out at the ClinicalTrials.gov registry platform (www.clinicaltrials.gov) to identify potential
unpublished studies. Additionally, the reference lists of the included studies were cross-checked to identify
relevantstudies. A comprehensive manual search was conducted in the following relevant journals: International
Journal of Oral and Maxillofacial Surgery, Journal of Oral and Maxillofacial Surgery, Journal of Cranio-
Maxillofacial Surgery, British Journal of Oral and Maxillofacial Surgery, Oral Surgery Oral Medicine Oral
Pathology Oral Radiology, Journal of Clinical Periodontology, Journal of DentalResearch, Clinical Oral Implant
Research, Clinical Implant Dentistryand Related Research, and International Journal of Oral and Maxillofacial
Implants. Subsequently, the articles were imported into Endnote Xg software (Thompson Reuters, Philadelphia,

PA, USA), where duplicates were removed.

2.3 Study selection

Two reviewers (JVC and BNS) independently screened the retrieved studies for inclusion, based on the
titles and abstracts. Relevant research articles were assessed in full for eligibility ac- cording to selection criteria.
The reliability of the selection of studies between the two reviewers was assessed using the kappa coefficient. A
kappa coefficient equal to or greater than 0.75 suggests excellent agreement, whereas a kappa coefficient
between 0.40 and 0.59, and between 0.60 and 0.74 indicate fair and good reliability, respectively (Orwin, 1994).

Any discrepancies between the reviewers were discussed and resolved by consensus.

2.4 Data extraction

The following characteristics of the selected studies were gathered: author, year of publication, country,
language, method used for socket measurement, study design, sample size, number and type of interventions,
alveolar region, gender, dropouts, and follow-up period. The corresponding author of the study was contacted

when data on primary outcomes were missing.

2.5 Publication bias and risk of bias in individual studies

The contour-enhanced funnel plot technique was used to identify asymmetry due to publication bias or
other reasons. The risk of bias and methodological quality of the included studies was assessed using the
Cochrane Collaboration's risk of bias tool (Higgins et al., 2011). Two authors (JVC and BNS) assessed the riskof

bias independently, and the disagreements were resolved by discussion.

2.6 Statistical analysis

A frequentist network meta-analysis was carried out to comparethe different types of grafting material,
even if they were not directly compared in the primary studies. The pooled mean differences between the
interventions were calculated using a random-effect network meta-analysis model. A forest plot was used to
identify which were the effective grafting materials compared with natural healing. The differences between
activeinterventions were measured by head-to-head analysis. Mean differences for treatment estimates in which
the value ‘o’ was included in the g5% confidence interval were considered not statistically significant. The SUCRA
value (surface under the cumulative ranking) was used to identify which intervention had the highest probability

of obtaining greater alveolar bone preservation.The freqyentist network meta-analysis was performed using R
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software version 3.6.2 with the net meta package for Mac OS X. This package is available from the
Comprehensive R Archive Network (CRAN) at https://CRAN.R-project.org. Inconsistency was assessed by
comparing direct and indirect evidence. A net heat plot was performed to show the contribution of each design

to the network estimate and the extent of inconsistency due to each design.

3 Results

The flow diagram of the identified, screened, and included studies is presented in Fig. 1. Initially, 8955
potential studies were identified. Of these, 4379 studies were retained after excludingduplicated papers. The
titles and abstracts were then screened, and 4186 studies did not meet the eligibility criteria and were excluded,
resulting in 183 studies included for full-text reading. The agree- ment for the inclusion of studies was considered
excellent¥appa coefficient 0.77). After full-text reading, 32 RCTs (lasella et al., 2003; Aimetti et al., 2009; Festa
et al., 2013; Jung et al., 2013,2018a, 2018¢; Das et al., 2016; Mayer et al., 2016; Sadeghi et al., 2016; Temmerman
et al., 2016; Barone et al., 2017; lorio-Siciliano et al., 2017, 2020; Lim et al., 2017, 2019; Nart et al., 2017; Serrano
Mendez et al., 2017; Walker et al., 2017; Clark et al., 2018; Leeet al., 2018, 2020; Nunes et al., 2018; Tomasi
et al., 2018; Kollatiet al., 2019; Llanos et al., 2019; Machtei et al., 2019; Santana et al., 2019; Sapata et al., 2020;
Sun et al., 2019; Avila-Ortiz et al., 2020; Canellas et al., 2020a; Flores Fraile et al., 2020) fulfilled the inclu- sion
criteria and were subjected to qualitative analysis.

The network meta-analysis included data from 31 studies comparing 25 different bone-substitute
materials (lasella et al.,2003; Aimetti et al.,, 2009; Festa et al., 2013; Jung et al., 2013, 20183, 2018c; Mayer
et al., 2016; Sadeghi et al., 2016; Temmermanet al., 2016; Barone et al., 2017; lorio-Siciliano et al., 2017, 2020; Lim
et al., 2017, 2019; Nart et al., 2017; Serrano Mendez et al., 2017; Walker et al., 2017; Clark et al., 2018; Lee et al.,
2018, 2020; Nunes et al., 2018; Tomasi et al., 2018; Kollati et al., 2019; Llanos et al., 2019; Machtei et al., 2019;
Santana et al., 2019; Sapata et al., 2020; Sun et al,, 2019; Avila-Ortiz et al., 2020; Canellas et al., 202043; Flores
Fraile et al., 2020). Eight trials were considered at low risk of bias in all domains. Another 19 trials were judged as
having an unclear risk of bias because one or more domains were considered to be at unclear risk of bias. The
remaining five trials were assessed as being at high risk of bias because high risk of biaswas identified in one or
more of the seven domains (Electronic Supplementary Material Fig. 1).

The network plots are presented in Fig. 2. In total, 25 grafting materials were included in the network
meta-analysis for alveolar width resorption, and 24 grafting materials were included in the network meta-
analysis for alveolar height resorption. The charac- teristics of the selected studies are presented in Electronic
Supplementary Material Table 2. Ten grafting materials, namely Apato§®, Bio-Oss®, Bio-Oss Coll®, Bond-
apatite®, Cerabone® PRF, FDBA, Gen-Os®, leukocyte- and platelet-rich fibrin (L-PRF), MP3®, and tooth-
derived dentin, were more effec- tive in preventing width resorption than natural healing (Fig. 3). Eleven grafting
materials, namely advanced platelet-rich fibrin (A- PRF), A-PRF AI|0855®, Apatos®, Bio-Oss®, Bio-Oss Coll®,
Bond- apatite®, enCore®, FDBA, Gen-Os®, L-PRF, and MP3®, were more effective than natural healing in
preventing height resorption (Fig. 4). The predicted intervals for width and height resorption were [0.22; 2.05]
and [0.32; 1.45], respectively (Figs. 3 and 4). A summary of findings is presented in Electronic Supplementary

Material Table 3.


https://cran.r-project.org/

Head-to-head comparisons between the different grafting material modalities are shown in Fig. 5.
There were statistically significant differences between some of them, even between bone grafts of the
same type. In these head-to-head comparisons, twoxenograft materials d MP3® and Gen-Os® d had the
highest number of significant differences for width and height preservation, respectively. The ranking of
interventions by cumulative probability, according to SUCRA values, is presented in Electronic Supplementary
Material Tables 4 and 5 Three xenograft matemals showed greater efficacy in preventing width resorption: MP3
® Apatos®, and Gen-Os®. One syntihetic biomaterial (Bond-apatite®) and one platelet concentrate (L-PRF)
showed greater efficacy in preventing width resorption. The five grafting materials with greatest efficacy in
preventing height resorption were three xenograft materials (Gen-Os®, Apatos®, and MP3®), one platelet
concentrate (A-PRF), and the combination of A-PRF allograftmaterial (AlloOss®). The lowest ranking positions
were assigned tothe no grafting group and the tetracycline allograft group for width and height resorption,
respectively.

The evidence in the network appeared to be consistent when the random effect model was applied. The
Q statistic showed no sjgnificant inconsistency (p =0.202) in bone width measurements.In contrast, significant
inconsistency was found in bone height measurements (p 0.003). For visual inspection and a detailed
inconsistency assessment, two net heat maps are provided in Electronic Supplementary Material Figs. 2 and 3.
The area of grey squares is proportional to the contribution from direct comparisonin each column with the
network estimates in the row. If the largestgrey square is on the diagonal, it means that the direct evidence is the
greatest source of information. Grafting comparisons are omitted when there is only one source of evidence. The
three-arm design is represented by '_’ in the net heat maps. The colors relate tothe change in inconsistency
between indirect and direct evidence. Warm colors indicate an increase in inconsistency and blue colors a
decrease.

Finally, the p-values for the linear regression tests of funnel plot asymmetry were 0.869 and 0.265 for width

and height resorption, respectively. These results confirmed no publication bias in our network meta-analysis.

4 Discussion

In this systematic review, 25 bone-substitute materials (4Bone-Bondbone®, A-PRF, A-PRF AlloOss®,
AlloGraft®, AlloOss®, Apa-tos®, Bio-Oss®, Bio-Oss Coll®, Bio-Oss Coll EMD®, Bond-apatite®, 5erabone®
PRF, Colla-Oss®, enCore®, FDBA, L-PRF, MP3®, Gen-0s®, ReproBone®, Sil-Oss®, Surgiplaster®,Tetracycline
FDBA, THE Graft®, tooth derived-dentin, tooth derived-dentin BMP2, and B-TCP) were assessed by network
meta-analysis using a frequentist model. Our study focused on the bone changes measured 3e6 months after
tooth extraction. Our results suggested that no grafting material can completely prevent post-extraction
resorption, and some quantity of bone loss might be expected. Similar results have been reported in previous
systematic reviews on this topic.(Avila-Ortiz et al., 2014; Morjaria et al., 2014). These review papers included
traditional meta- analyses to compare grafting materials with natural healing. However, our findings showed
that the amount of bone resorption may vary according to the type of bone-material substitute used in the socket
after tooth extraction. Therefore, pairwise comparisons grouping all biomaterials in the same arm may not be

the most appropriate approach to synthesizing the information.
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Network meta-analysis is a statistical technique that combines direct and indirect information to generate
precise evidence oftreatment differences when comparing multiple interventions (Cipriani et al., 2013). This
method can provide less biased estimates than traditional meta-analysis, and can inform decision making more
effectively than pairwise meta-analysis (Song et al., 2008). Our study used a frequentist-weighted least-squares
method to identify what grafting materials produce greater alveolar ridge preservation after tooth extraction.
Indirect comparisonsconnect treatments via a common comparator to establish differences between grafting
materials that have not been compared in randomized controlled trials. Moreover, the indirect estimates are
free of optimism or sponsorship bias that can compromise the quality of evidence in pairwise comparisons
(Salanti, 2012).

To our knowledge, no frequentist network meta-analysis has been published comparing the efficacy of
different bone-substitute materials in reducing bone resorption after tooth extraction. Only one previous
Bayesian network meta-analysis (locca et al., 2017), including six studies with a total sample of 181 patients, is
avail- able. However, locca et al. grouped the grafting materials accordingto their sources, and yet our results
demonstrated that grafting materials derived from the same source (e.g. xenograft) for use in alveolar
preservation can differ significantly regarding the amountof alveolar bone preservation after tooth extraction.
Moreover, a recent systematic review showed that bone formation differed among commercially available
xenograft materials used in maxillary sinus floor elevation surgery (Canellas et al., 2021). It is likely that the
differences in clinical outcome between them were relatedto the manufacturing process (do Desterro Fde et al.,
2014). Therefore, the most appropriate method for comparing grafting materials is to group them by trademark.
To the best of our knowledge, our study is the most comprehensive systematic re- view of evidence on the use
of different grafting materials to pre- serve alveolar ridge after tooth extraction, including 31 studies and1088
patients.

Our network meta-analysis differed from the previous systematic reviews because it specifically
compared the biomaterials by trademark using a network approach free of sponsorship bias. Basing the
treatment arm assignment on trademark provided a head-to-head comparison between biomaterials derived
from the same biological group, supporting the selection of adequate bone- substitute materials for alveolar
ridge preservation. Moreover, it potentially reduced clinical heterogeneity and increased the consistency of the
results.

In total, eight bone-substitute materials showed greater maintenance of alveolar width and height after
tooth extraction (Apatos®, Bio-Oss®, Bio-Oss Coll®, Bond—apatite®, FDBA, Gen-Os®, L- PRF, MP3®) when
compared with natural healing. Among these materials, five grafting materials were xenografts (Apatos®, Bio-
Oss®, Bio-Oss Coll®, Gen-Os®, and MP3®), one was a synthetic biomaterial (biphasic calcium sulfate with
hydroxyapatite d Bond-apatite®), one was an allograft (freeze-dried bone allograft d FDBA), and one was an
autologous fibrin (leukocyte and platelet- rich fibrin d L-PRF). A recent systematic review (Canellas et al., 2019¢)
did not find statistical differences in histomorphometric performance among different bone-substitute materials
used for alveolar ridge preservation. However, the authors emphasized thattheir study did not attempt to
evaluate dimensional alveolar changes. Our network meta-analysis detected important differences in alveolar

width and height resorption among the investigated grafting materials.
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The most studied grafting materials were Bio-Oss® and Bio-Oss Coll®, which were assessed in 10 studies
(192 patients) and 12 studies (185 patients), respectively. They were evaluated in more than half of the included
studies. Due to the large amount of in- formation, these biomaterials appeared to be a reliable option, once the
results revealed a statistically significant effect on alveolar preservation compared with natural healing.
Similarly, Bio-Oss® seems to be very useful for lateral ridge augmentation surgery, according to recent findings
(Aludden et al., 2017). Only one study included Apatos®, Bond-apatite®, MP3®, or Gen-Os®. Further studies are
needed to enhance the understanding on the effec-tiveness of these biomaterials on alveolar preservation.
Studiescomparing Bio-Oss® with Bond-apatite®, MP3®, or Gen-Os® are needed to improve the quality of direct
evidence regarding these biomaterials.

Cost-effectiveness is an important aspect when choosing the bone-material substitute. Leukocyte and
platelet-rich fibrin (L-PRF)is a second-generation platelet concentrate produced using autol- ogous blood and
applying a specific centrifugation protocol {2700 RPM for 12 min, relative centrifugal force, RCF-clot 408 g,
using an IntraSpin centrifugation device) (Miron et al., 2019). L-PRF has been recommended in several surgical
procedures, showing promising results in bone healing (Canellas et al., 2017, 2020b; Hartlev et al., 2019; Ritto et
al., 2019). Our results support the use of L-PRF as a biomaterial for alveolar ridge preservation. The head-to-head
comparison between L-PRF and unassisted healing showed that L-PRF reduced width and height bone loss
significantly after tooth extraction. This result was similar to other recent systematic reviews.(Miron et al., 2017;
Canellas et al., 2019a). Although some grafting materials have shown greater alveolar ridge preservation in the
rankogram, the head-to-head comparisons did not identify any statistically significant differences between L-PRF
and the otherthree best biomaterials. Due to the low cost of preparation, L-PRF becomes an attractive option
for alveolar preservation.

The main purpose of alveolar preservation is to avoid natural alveolar collapse, eliminating or reducing
further bone augmentation procedures during implant surgery, but evidence to support the clinical benefit of
alveolar preservation is limited (Horvath et al., 2013). Our systematic review provides resources to support the
selection of a bone-substitute material aimed at preservingalveolar bone dimensions after tooth extraction,
which will assist the decision-making process in the clinical scenario. The surgeon, however, should take into
account several other factors when choosing the most appropriate bone-substitute for each individual case. Our
study did not investigate which grafting materials pro- mote better bone healing, or provide better results in
terms of primary implant stability or long-term implant success. This would have required a different
methodology. The osteoconductive po- tential, size, shape, and microporous structure of the particles contained
in each biomaterial can influence the biological and clinical response (do Desterro Fde et al., 2014). Future RCTs
assessing whether alveolar preservation can reduce additional bone augmentation and improve implant
performance are desirable.

Some limitations of our study should be acknowledged. First, there was a small number of RCTs
analyzing a large number of in- terventions. Therefore, further RCTs are needed to improve the quality of the
results. Second, the quality of the included RCTs was uncertain, once an unclear or high risk of bias was detected
in 24 ofthe 32 studies included. However, when direct evidence has methodological inadequacies, indirect

evidence can be used to obtain a better estimate. Third, some heterogeneity and inconsis- tency among studies
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was observed, mainly in height measurement. As previously described (Avila-Ortiz et al., 2014), there are several
factors that can influence bone resorption after tooth extraction, such as socket morphology, periodontal
biotype, smoking status, differences in surgical technique, and the number of neighboring teeth extracted. Thus,
some of the expected heterogeneity and inconsistency cannot be explored without individual patient data.
Finally, some of the studies analyzed included molar and non-molar teeth in their samples, and the patterns of

alveolar resorption could have been different between the anterior and posterior regions.

5 Conclusion

Our systematic review provides updated information on theefficacy of different bone-material substitutes
for alveolar preser- vation after tooth extraction. In general, bone-substitute materials are effective in reducing
alveolar changes after tooth extraction. Xenograft materials should be considered as among the best of the

available grafting materials for alveolar preservation after tooth extraction.
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Fig. 1. PRISMA flow diagram of the screening and selection process.
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Fig. 2. Network plots for (A) width and (B) height resorption. The nodes correspond to the grafting materials.
Two treatments are connected by a line when there is at least onestudy comparing the two grafting materials.
The thickness of each line is proportional to the number of studies. The shading indicates the multi-arm

studies.
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Comparison: other vs 'No-grafting'

Contrast to Natural Healing

4BONE-BONDBONE
A-PRF
A-PRF-AlloOss
AlloGraft

AlloOss

Apatos

Bio-Oss
Bio-Oss-Coll
Bio-Oss-Coll-EMD
Bond-apatite
Cerabone-PRF
Colla-Oss

enCore

FDBA

Gen-Os

L-PRF

MP3

No-grafting
ReproBone

Sil-Oss

Surgiplaster
Tetracycline-FDBA
THE Graft
Tooth-derived-dentin
Tooth-derived-dentin-BMP2
B-TCP

Prediction interval

Fig. 3. Forest plot comparing width resorption between bone-material substitute and no grafting. The

prediction interval represented by a black bar is the interval in whichthe results of a future study will fall. The

(Random Effects Model)
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0.22 mm and 2.05 mm, depending on the grafting material used.
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Comparison: other vs 'No-grafting'
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Fig. 4. Forest plot comparing height resorption between bone-material substitute and no grafting. The
prediction interval represented by a black bar is the interval in whichthe results of a future study will fall. The
changes in height resorption varied between

0.32 mm and 1.45 mm, depending on the grafting material used.
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Fig. 5. Head-to-head comparisons between interventions: mean difference (95% Cl). Alveolar width
resorption estimates are surrounded by green lines, and alveolar height resorption estimates are
surrounded by red lines. Each rectangle represents a comparison between two bone-material substitutes in
the diagonal line (grey rectangle). When thevalue ‘o’ was included in the 95% confidence interval, there was
deemed to be no statistically significant difference between the interventions. The blue rectangles favor the

line-defined grafting material, and the orange rectangles favor the column-defined grafting material.
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