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Abstract 

Background: A standardized technique for facial fat grafting, Injectable Tissue Replacement 

and Regeneration (ITR
2
), was developed to address both anatomic volume losses in 

superficial and deep fat compartments as well as skin aging, incorporating newer regenerative 

approaches. 

Objectives: The authors sought to track the short and long terms effects of a new 

standardized technique for facial fat grafting in the midfacial zone across a 19-month time 

period.  

Methods: Twenty-nine female were analyzed for mid-facial volume changes after autologous 

fat transfer with ITR
2
. Across 19 months, volumes were evaluated using the Vectra XT 3D 

Imaging System to calculate differences between a predefined, 3-dimensional mid-facial zone 

measured preoperatively and serially after fat grafting with novel approach using varying fat 

parcel sizes. 

Results: Patient data was analyzed collectively as well as separately by age (< and > 55 

years). Collective analysis revealed a trend of initial volume loss within the first 1-7 months 

followed by an increase within the 8–19-month range, averaging 56.6% postoperative gain 

and ending at an average of 52.3% gain in volume by 14-19 months. A similar trend was 

observed for patients <55 years of age, but to a greater extent, with a 54.1% average 

postoperative gain and final average of 75.2%. Conversely, patients above 55 years of age 

revealed a linear decay beginning at 60.6% and steadily declining to 29.5%. Multiple 

regression analysis revealed no statistically significant influence of weight change during the 

study duration. 

Conclusions: Preliminary evidence shows a dynamic change in facial volume, with an initial 

decrease in facial volume followed by a rebound effect that demonstrated improvement of 

facial volume regardless of patient weight change or amount of fat injected 19 months after 

treatment. Volume improvement occurred to a greater extent in patients under 55 years old, 

whereas in patients older than 55 volume gradually decreased. To our knowledge, this study 

represents the first time that progressive improvement in facial volume has been shown 19 

months after treatment with a new standardized technique of fat grafting.  
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Since its first reported description in 1893 by Neuber, Autologous Fat Grafting (AFG) has 

undergone several advancements in both its procedural methodology and biological 

understanding
1
. For the majority of the early 1900s, fat grafting was primarily confined to 

treating specific facial deficits including malar region and chin
1
. By the 1980s, AFG was 

introduced to aesthetic surgery by a number of individuals such as Illouz who utilized 

injectable fat grafting following liposuction, and Ellenbogen who used it to treat facial 

atrophy wrinkles, nasolabial folds, and chin augmentation
2-6

. The basis for AFG was 

standardized by Coleman, who defined specific steps and equipment for harvesting, 

centrifugation, cleaning, and injecting microfat to the face. Additionally, Coleman and 

Grover outlined the basic findings of aging including decreased skin elasticity, bone 

resorption and remodeling, tissue atrophy, and ptosis
7-8

. The phenotypic effects of aging have 

led many practitioners to incorporate AFG in facelift procedures to counter volume loss in 

soft tissue and bone
9
. Biological advancements for AFG were largely attributed to the 

discovery of stem and regenerative cells in adipose tissue by Zuk et al in 2001 and confirmed 

by Rigotti’s observations of neo-angiogenesis and histological signs of reversal of 

architectural changes of aging in elastin and collagen by a mechanically obtained stromal 

vascular fraction and expanded mesenchymal stem cells
10-11

. These findings coupled with the 

detailed three-dimensional (3D) description of anatomical facial fat compartments by Rohrich 

and Pessa led to the development of a new standardized technique that extends Coleman’s 

report
12

.  

Injectable Tissue Replacement and Regeneration (ITR
2
) extends the technique 

described by Coleman and incorporates a novel treatment that uses varying fat parcel sizes to 

address losses in deep fat and bone, superficial fat, and to stimulate regeneration in skin.
13 

ITR
2
 strategically utilizes millifat (2 mm parcel size) as structural fat parcels in the deep 

compartments, microfat (1 mm parcel size) as smaller parcels for superficial compartments, 

and a cell optimized nanofat (500 micron parcel size) as mechanical stromal vascular fraction 

product for skin regeneration applied intradermally or as a biological cream. With the use of 

facial topography and proportion analysis, individual-specific treatment can be achieved 

addressing not only the 2-dimensional dermal and the superficial musculoaponeurotic system 

(SMAS) fascial layers, but also the 3-dimensional volume loss in both superficial and deep 

structural compartments of the face. At the same time, again with the patient’s fat, skin aging 

is improved by combinations of nanofat microneedling, intradermal injection and topical 

application of nanofat biocream.  
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Presently, the most popular means of facial volume restoration is with a variety of 

synthetic fillers with some limited biological effects. Fat is not a substitute for fillers, but 

rather a foundational approach in facial aging to address specific anatomic losses and 

regenerate skin. Prior to the introduction of microfat, millifat, and nanofat, fillers were the 

only means of contouring both fine lines and larger atrophic fat deficits
14

. Autologous fat 

transfer may not only reverse the effects of facial volume loss, but also may regenerate blood 

supply to sustain the longevity of the tissue
15-16

. Unfortunately, a major factor in the results of 

such procedures could be patient age as endothelial dysfunction, which leads to decreased 

angiogenesis, steadily increases over time. Moreover, adipose cells, SVF fraction cells and 

adipose stem cells eventually become senescent and lose some of their effects with age.
18

 

Previously, we reported progressive improvement in mid-facial volume, up to 24 

months following ITR
2
 when combined with facelift surgery

19
. The basis of the present study 

is to evaluate the effects of this standardized anatomic and regenerative technique on patients 

receiving solely facial fat grafting. Accordingly, a 3D photometric analysis was used to 

prospectively track mid-facial volume changes over a 19-month period in 29 patients 

undergoing ITR
2
. 

The objectives of this report are to describe a new standardized technique of facial fat 

grafting that incorporates anatomic replacement of lost fat and bone as well as regeneration of 

facial tissues and determine its effect on mid-facial volume using photometric analysis. The 

paper attempts to demonstrate how topographical analysis of the face can be used to 

determine precise areas of volume loss from skin to bone. 
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METHODS 

We prospectively evaluated mid-facial volume in 29 female patients from 1 to 19 months 

after ITR
2
 using 3D Photometric Imaging (Canfield Scientific Inc., Oarsippany, NJ), between 

February 2017 to February 2020. A consent form, subject’s bill of rights, and media 

authorization form were obtained from all patients in accordance with the Declaration of 

Helsinki. 3D analysis of the mid-facial region was chosen because this area of fat grafting 

received the largest volume of the three different fat grafts and was the same area studied in 

our earlier report combining fat grafting with facelift surgery
18

. After tumescent fluid was 

injected, the fat was harvested from the inner and outer thighs and/or flanks and abdomen 

with a 2.7 mm diameter cannula with hole sizes of 2x1mm (Khoury cannula, Marina 

Medical, Stuart, FL) inserted through a dilated, 14-gauge needle puncture. The fat was rinsed 

with Ringer’s lactate and decanted. The fat was then made into 3 product sizes: millifat, 

microfat, and a cell optimized, nanofat using LipocubeNano
TM 

(Lipocube, Inc. London, 

UK)
20

. Based on topographical analysis of the face, millifat grafting was performed as 

indicated into the deep fat compartments, pre-periosteal level in the pyriform aperture, 

zygoma and maxilla, the medial and lateral sub-orbicularis oculi fat (SOOF) compartments, 

and into the deep medial cheek fat compartment utilizing an 18-gauge side port cannula 

through an 18-gauge needle incision in the nasolabial fold. Millifat was also grafted into the 

buccal space, using an 18 Gauge needle incision at the oral commissure and tunneling the 18 

Gauge cannula submucosally into the buccal fat compartment, Millifat was also used in the 

deep temporal region and the pre-periosteal lateral brow as well as into the upper and lower 

lip, chin, mandibular border and gonial angle, when necessary, based on topographical 

analysis of areas of fat and bone loss. In our procedures, the mid-facial grafting was relatively 

consistent. Microfat was injected into the superficial compartments of the mid-face as needed 

and Nanofat was microneedled throughout the mid-facial region as well as the entire face, 

neck and chest as indicated. Lastly, a Nanofat biocreme made by centrifugation of the 

Nanofat, removal of excess fluid and compounding with a liposomal transport agent along 

with arnica and a cucumber smell, was given to the patient on discharge to be kept 

refrigerated and used two to three times a day until it was gone.
21 

Mid-facial volume was measured preoperatively and postoperatively with the Vectra 

XT 3D Imaging System (Canfield Scientific Inc., Parsippany, NJ). Similar to our earlier 

reports
19

, pre- and postoperative photos were overlaid and aligned according to consistent 

anatomical points and rigid structures of the face that remained invariable over time. (Fig. 1) 

Once the photos were overlaid, volume changes in the mid-facial zone were measured. The 
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lateral portion of the nasolabial fold, the inferior border of the zygomatic arch, and the 

superior border of the mandible anatomically defined the perimeter of the buccal space. 

Facial volume was measured at different intervals from 1 to 19 months in all 29 

patients. In addition, facial volume data was evaluated over time in patients <55 years of age 

(n=15) and >55 years of age (n=14). As in our previously published study
18

 individual patient 

measurements could not always be collected at consistent time periods. Therefore, in order to 

track average mid-facial volume changes over the 19-month period, the volumetric data from 

each of these three groups was further subdivided into four month-categorized subgroups: (1) 

1-3 months, (2) 4-6 months, (3) 7-13 months, (4) 14-19 months. A 2-tailed, repeated 

measures t-test was conducted for each subgroup. Statistical significance was defined as P < 

0.05. In addition, multiple regression analysis was conducted to measure how age, BMI, 

weight change during the study period, initial fat in ml injected, and months since the 

operation may have influenced volume over time.  

 

RESULTS 

Patients ranged in age from 38 to 70 years (average= 52.9 years). All of the patients were 

females. The average preoperative weight of patients was 145.3 pounds, and the average 

preoperative BMI was 22.5 kg/m
2
. Patients’ weight change was negligible, averaging 0.31 

pounds gained postoperatively. 3D analysis of volumetric changes in the mid-facial region of 

the 29 patients revealed an improvement in facial volume at 12 to 19 months. Postoperative 

facial volume improvements over preoperative volume measurements averaged 56.6% at the 

1 – 3-month range. By 4 – 7-months, improvement in midfacial volume dropped to an 

average of 32.1%, and then steadily increased to 46.6% by the 8 – 13-month period. By the 

14–19-month time period, the average leveled off at about 52.3% (Fig. 2). 3D photo 

measurements revealed that all patients experienced an increase in midfacial volume from the 

preoperative volumes at some point during the study period. In the analyzed midfacial zones, 

facial volume appeared to initially decline (average decline, 56.6% of original midfacial 

volume), troughing in the 4 - 13-month range, but later increased (average increase in volume 

retention, 52.3% of original midfacial), peaking at around 14 months (range, 7-19 months). 

Parametric tests proved that the observed decline within the 4-7-month range was statistically 

significant when compared to the 1–3-month subgroup (P <0.05). The 2-tailed repeated 

measures t-test for all 4 month-categorized subgroups revealed that all average volumes were 

good indicators of central tendency within each group (P<0.05). Human error in 3D 
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photometry was calculated to be 0.2187 mL. No surgical complications occurred in any of 

these 29 patients. 

 When separating patients based on age (above and below 55 years), two different 

trends were observed (Fig. 3). Patients under 55 years of age exhibited the same dynamic 

changes that the collective analysis demonstrated, but to a greater extent. The midfacial 

volume initially declined (average decline, 54.1% of original midfacial volume) in the 1–3-

month group, troughing at 6 months (range 4–13 months), but later increased (average 

increase, 75.3% of original midfacial volume), peaking at around 14 months (range, 7-19 

months). 95% confidence intervals (CI) for each month subgroup were calculated and it was 

found that the observed decline in the 4–6-month range was unique and excluded from both 

the first and last month subgroups’ CIs (4–6-month, CI = 9.67% - 31.9%). Patients above 55 

years of age, on the other hand, exhibited a linear decay beginning with initial volume 

retention averaging 60.6% and steadily declining to 29.5% by the 14–19-month range. The 2-

tailed repeated measures t-test for all 4 month-categorized subgroups revealed that all average 

volumes were good indicators of central tendency within each group (P<0.05). CIs for this 

group steadily declined initially indicating a 95% confidence between 20% to 94% volume 

retention in the 1-3 month period and dropping to 14% to 41% volume retention by the 13-19 

month period. Additionally, the final month-categorized subgroup (14-19-month) for the <55 

age group and >55 age group revealed a statistically significant difference in average 

midfacial volume retention.  

The multiple regression analysis measuring the effects of age, BMI, weight change, 

initial fat volume in ml injected, and months since procedure revealed that none of these 

factors played a significant role in average volume retention at the 14–19-month range when 

evaluating all patients together (n=29). Similar results were obtained with multiple regression 

analysis when selectively evaluating patients <55 or >55 years of age.  

 

DISCUSSION 

Previous studies conducted by our group have observed the effects of utilizing anatomic and 

regenerative fat grafting in combination with deep plane facelifts.
19

 However, no study of 

isolated facial fat grafting using this standardized technique (ITR
2
) has been reported. To our 

knowledge, this study is first to prospectively evaluate dynamic changes in midfacial volume 

using 3D photometry after standardized anatomic, tissue plane specific regenerative fat 

grafting. Present standardized techniques for facial fat grafting have generally been designed 

to provide mere facial volume augmentation. Observations on skin regeneration, resulting in 
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rejuvenated appearance, have been reported, but often as a by-product of the fat graft rather 

than a primary concern. Potential regenerative effects that have not been mentioned are 

restoration of the “functional matrix”, which in theory may have beneficial effects on 

craniofacial bone aging. In addition, progressive improvement of midfacial volume in <55-

year-old patients 19 months after treatment may indicate a “trophic effect” on the facial 

tissues that supports the idea that facial tissue atrophy has been reversed to some extent, at 

least for a period of time, actually temporarily reconstructing youthful tissues.
22

 

Interestingly, our clinical data may offer some insight into fat graft remodeling and 

survival. Given that mid-facial volume is likely to be a reflection of fat graft survival, it’s 

dynamic changes over 19 months with a gradual loss of facial volume and then what 

appeared to be a recovery, especially in the under 55 year age group, appears to support 

Yoshimura’s graft replacement theory.
30-32

 Several theories have been presented pertaining to 

the survival of fat grafts, particularly the host replacement theory, the cell survival theory, 

and more recently, the graft replacement theory. 

The first theory for fat graft survival was the host replacement theory reported in 1923 

by Neuhof and Hirschfiel
23-25

. This theory suggested that the grafted adipose tissue 

immediately dies upon transplantation and subsequently becomes the scaffolding for 

recruitment of host adipose and connective tissue cells. The cell survival theory was 

postulated by Peer in 1950, and assumes that grafted adipocytes are able to survive 

transplantation by simple diffusion, competing for more favorable positions within the host 

before microvascular anastomoses occur.
26-27

 The findings of Peer have been bolstered by a 

number of other researchers, but more recent discoveries prompted Yoshimura to propose a 

new theory that focuses on the role of adipose-derived stem cells
28-30

. The graft replacement 

theory, proposed by Yoshimura, connects the cell survival theory with the findings of Zhao et 

al, who discovered that grafted fat eventually survives through neovascularization
28

. 

Although, Yoshimura found that it was only a small set of adipocytes that undergo 

neovascularization and neo-angiogenesis as the majority of the cells die due to the hypoxic 

environment of the transplantation site. It was postulated that only adipose-derived stem cells 

are able to survive and upon differentiation, subsequently are able to replace the dead adipose 

cells
30-32

.  

The graft replacement theory is also supported by Kato et al. description of the three 

graft zones that determine the differential fates of adipocytes. The first zone was termed the 

surviving zone, which is the superficial layer of the fat graft and adjacent to the host tissue, 

measuring only 100 to 300 μm in thickness. In this zone, both adipocytes and adipose-derived 
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stem cells are able to survive via plasmatic diffusion as suggested by the cell survival theory. 

The second zone was termed the regeneration zone, where all grafted adipocytes die, but the 

adipose-derived stem cells which are tolerant of low oxygen tensions, survive. The final layer 

was labeled the necrotizing zone as both adipocytes and adipose-derived stem cells are not 

viable.
33-35

 Zone modeling of fat grafts (microribbon, fluid accommodation, external volume 

expansion models) introduced by Khouri et al. linking fat graft survival theories to the 

common ground of oxygen diffusion and graft perfusion essentially reaffirms Kato et al. 

hypothesis
41

. Graft dispersion increases the coefficient of graft cells – host tissue contact, 

therefore, the technique with the most dispersed graft form (nanofat) delivered to the least 

perfused layer (skin) is logical as it potentially increases fat survival.  

Through clinical observation using 3d photometry, we provide data that appears to 

support the graft replacement theory and kin part the host replacement theory. The initial 

decline from 56% to 32% volume retention observed in the 1-6-month follow-up period for 

total patients falls in line with the mouse model observations made by Yoshimura. According 

to Yoshimura, the first 3 months following the injectable fat transfers are demarcated by the 

replacement of dead adipocytes by adipose-derived stem cells and by the slow lipid 

absorption of adipose tissue that may persist for up to 12 months. These same results are 

evident when observing the <55 age group data that saw a similar decline from 54% to 21% 

in the 1 - 6-month groups. The initial volume observed in the 1 - 3-month groups could be 

attributed to necrotic adipose tissue and latent swelling and the steady decline in the 

following months is most likely a result of the lipid droplet absorption that was described as 

potentially occurring for up to 12 months. The wave of volume restoration observed in the 7 - 

14+ month time period is a novel discovery yet to be observed in other research. However, 

these studies did not include adequate control groups and it was postulated that implied 

superiority of stem cell-assisted (enhanced) lipotransfer over traditional lipofilling should be 

investigated more and this is why standardization of techniques (including that offered by our 

methodology) is important.
36-37 

In the retrospective study conducted by Wang et al., 10 clinical studies using various 

methods of fat processing for autologous fat transfers were compared to observe the differing 

degrees of volume retention in a 12-month period. Of the selected studies, all exhibited linear 

decay of volume from the 1–3-month period to the 6–12-month period, similar to the trend 

observed for >55 patients
38

. No other studies were found that depicted the subsequent 

increase trend of volume retention that we observed in the cumulative patient analysis and in 

the <55 patient analysis. 
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While one of the strengths of this research was an age range-balanced study 

population with n=15 patients below 55 years of age and n=14 patients above 55 years of age, 

one of the limitations to the study is the small sample size (n=29) which was all female. The 

use of a larger study population as well as the incorporation of male patient data could results 

in more definitive results. Possible age-differential in adipose cell fat behavior and 

regenerative capability validates the Hayflick limit concept with cells division potential 

ceasing once telomeres shorten to a critical length. Stem cells seem to be endowed with an 

increased proliferative potential than differentiated cells but with general aging up-regulation 

of telomerase activity (alternative lengthening of telomeres dependent on homologous 

recombination.
39

 Molecules secreted by adipocytes and adipose tissue derived stem cells 

(secretome) are necessary for tissue remodeling and regeneration. The predisposition of age, 

inflammation, stress and genotoxic induced senescence, more persistent and perhaps more 

difficult to reverse in seniors, may result in progression of signs of aging. The quality and 

perhaps quantity of adipocytes secretome allows adipocytes to influence surrounding tissues 

(e.g., improve quality of overlying skin).
22,40 

Consequently, concepts of delay or reversal of 

senescence and aging in general, including the fate of lipotransfer, may apply or focus on 

different components of tissue homestasis.
22 

Additionally, inconsistent time periods for volume retention measurements across 

individual patients could be a limitation as individual progression could not be tracked 

steadily across the entire 19-month study. In order counter the inability to measure all 

patients at consistent time periods, patients’ volumes were inputted into four month-

categorized subgroups which were subsequently compared to each other, Another limitation 

to the research could be the applied methodology for calculating volume differences in the 

predefined midfacial zones of patients. Consistency between calculated values was 

maintained assigning groups of patients to individual researchers and by ensuring each 

measurement was taken following an exact protocol. 
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CONCLUSION 

Two important findings were seen in this study. Using a similar fat grafting protocol
 
(ITR

2
), 

anatomic losses were addressed and a cell-optimized nanofat was used for regenerative 

effects. Three types of fat parcels were made: Millifat which was a 1.5-2 mm parcel, 

microfat, a 1 mm parcel and cell optimized nanofat which was a 500-micron product. This 

made sense based on using smaller parcels closer to the surface so they would not show and 

larger, more structural grafts under the muscles and on the bone. Most working in the field 

acknowledge that higher doses of regenerative cells and growth factors are associated with 

more effects. Hence, the use of a cell optimized nanofat which is purely for skin regeneration 

and has no augmentation effects. The two findings were that there seemed to be less 

improvement in mid-facial volume in patients over 55 years of age. Some of this may have 

been related to soft tissue laxity as well as to gradual loss of the effects of the fat graft. In 

younger than 55-year-old patients, improvement in mid-facial volume was actually close to 

80% at 14-19 months. We speculate that this may be related to using younger tissues and 

cells. The use of this anatomic and regenerative fat grafting technique has led to high patient 

and surgeon satisfaction rates. 
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Figure Legend 

Figure 1. (A, B) Midfacial volume calculated by 3D analysis with VECTRA XT 3D Imaging 

System (Canfield Scientific, Parsippany, NJ, USA). Preoperative and postoperative patient 

images overlaid and aligned according to rigid structures of the face. Midfacial zone is 

anatomically defined by the lateral portion of the nasolabial fold, the inferior border of the 

zygomatic arch, and the superior border of the mandible. 

 

Figure 2. Average facial volume retained for all patients (n=29) across 4 month-categorized 

subgroups (1-3 months, 4-6 months, 7-13 months, 14-19 months). 

 

Figure 3. (A, B) Average facial volume retained in age separated groups (<55 years, n=15; 

>55 years, n=14) across 4 month-categorized subgroups (1-3 months, 4-6 months, 7-13 

months, 14-19 months). 

 

Figure 4. (A, E, I, M, Q) Preoperative photos of a 46-year-old, female patient who received 

9mL of fat to the target area and a total of 58mL of fat to the face (B, F, J, N, R) Patient 

photos 4 months after ITR2 procedure (C, G, K, O, S) Patient photos 1.8 years after ITR2 

procedure. (D, H, L, P, T) Patient photos 2.6 years after ITR2 procedure. (U) This patient 

received a total of 19.25mL of millifat, 6mL of microfat, and 4mL of nanofat. 

 

Figure 5. (A, D, G, J, M) Preoperative photos of a 38-year-old, female patient who received 

20mL of fat to the target area and a total of 58mL of fat to the face. (B, E, H, K, N) Patient 

photos 10 months after ITR2 procedure. (C, F, I, L, O) Patient photos 2.5 years after ITR2 

procedure. (P) The patient received a total of 49mL of millifat, 8mL of microfat, and 1mL of 

nanofat. 

 

Figure 6. (A, E, I, M, Q) Preoperative photos of a 60-year-old, female patient who received 

23mL of fat to the target area and a total of 87 mL of fat to the face. (B, F, J, N, R) Patient 

photos 1-months after ITR2 procedure. (C, G, K, O, S) Patient photos 4-months after ITR2 

procedure. (D, H, L, P, T) Patient photos 8-months after ITR2 procedure. (U) This patient 

received a total of 48mL of millifat, 36mL of microfat, and 3mL of nanofat.  

  

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 1A 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 1B 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 2 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 3A 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 3B 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4A 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4B 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4C 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4D 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4E 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4F 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4G 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4H 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4I 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4J 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4K 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4L 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4M 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4N 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4O 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4P 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4Q 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4R 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4S 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4T 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 4U 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5A 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5B 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5C 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5D 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5E 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5F 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5G 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5H 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5I 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5J 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5K 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5L 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5M 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5N 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5O 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 5P 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6A 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6B 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6C 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6D 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6E 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6F 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6G 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6H 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6I 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6J 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6K 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6L 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6M 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6N 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6O 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6P 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6Q 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6R 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6S 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6T 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021



For Peer Review

 

Figure 6U 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article/doi/10.1093/asj/sjab379/6415261 by guest on 04 N

ovem
ber 2021


