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Research Article ABSTRACT
Objectives: To compare horizontal platelet-rich fibrin (H-PRF) and leukocyte-rich PRF (L-PRF) with no-PRF on
History long-term socket bone structure and periodontal parameters 12—18 months after impacted mandibular third-
molar extraction.
Received: 08/11/2025 Materials and Methods: This retrospective follow-up analyzed a previously randomized three-arm clinical cohort
Accepted: 23/02/2026 (n = 45; 15 per group). Panoramic radiographs obtained 12—-18 months post-extraction were assessed by fractal

analysis at the extraction site. Periodontal probing depths at six sites around the adjacent second molar and
buccal keratinized tissue width were recorded with a UNC-15 probe. Group differences were evaluated at a =
0.05.

Results: Mean fractal dimension (FD) differed among groups (H-PRF 1.32 + 0.05; L-PRF 1.28 £ 0.04; Control 1.26
+ 0.06; overall p = 0.005). H-PRF showed higher FD than Control (mean difference 0.062; 95% CI 0.018-0.105; p
= 0.004), whereas H-PRF vs L-PRF was not significant (p = 0.101) and L-PRF vs Control was not significant (p =
0.396). Keratinized tissue width tended to be greater with H-PRF (1.70 £ 1.10 mm) than Control (0.84 + 1.00 mm)
without significance (p = 0.093). Site-specific probing depths showed no between-group differences (lowest p =
0.051). Intra-examiner reliability for measures was good-to-excellent (ICC = 0.895; p < 0.001).

Conclusions: At 12—-18 months, H-PRF yielded a higher socket FD than no-PRF, while differences versus L-PRF
were not significant. Periodontal indices at the adjacent second molar were broadly comparable across groups.

Keywords: Platelet-Rich Fibrin, molar, third, tooth extraction, fractals, wound healing
Mandibular Ugiincii Molar Dis Cekimi Sonrasinda Uzun Dénem Soket iyilesmesi: H-
Prf ve L-Prf'nin Fraktal Analiz ve Klinik Parametreler Agisindan Karsilastirilmasi
Research Article 0z

Amag: Gomuli mandibular tGglincti molar gekiminden 12—18 ay sonra yatay trombositten zengin fibrin (H-PRF)
ile 16kositten zengin PRF (L-PRF) uygulamalarini, PRF uygulanmayan kontrolle karsilastirarak soket kemik yapisi

Sireg ve periodontal parametreleri degerlendirmek.
) Gereg ve Yontemler: Bu retrospektif takiple, daha énceden yapilmis olan (¢ kollu klinik prospektif bir kohort
Gelis: 08/11/2025 calismasinin (n = 45; her grupta 15) verilerini analiz ettik. Cekimden 12-18 ay sonra alinan panoramik

Kabul: 23/02/2026 radyograflarda, gekim bdlgesinde fraktal analiz yapildi. Komsu ikinci molarin gevresindeki alti noktada

periodontal sondalama derinlikleri ve bukkal keratinize doku genisligi UNC-15 sonda ile dlgtldi. Grup farklar
a=0.05 diizeyinde degerlendirildi.

Bulgular: Ortalama fraktal boyut (FB) gruplar arasinda farkliydi (H-PRF 1,32 + 0,05; L-PRF 1,28 + 0,04; Kontrol
1,26 +0,06; genel p = 0,005). H-PRF, kontrole gore daha ylksek FB gésterdi (ort. fark 0,062; %95 GA 0,018-0,105;
p =0,004); H-PRF ile L-PRF arasindaki fark anlamli degildi (p = 0,101) ve L-PRF ile kontrol arasindaki fark da anlamli
degildi (p = 0,396). Keratinize doku genisligi H-PRF'de (1,70 £ 1,10 mm) kontrole (0,84 + 1,00 mm) gére daha fazla
olma egilimindeydi ancak anlamli degildi (p=0,093). B6lge-bazl sondalama derinlikleri gruplar arasinda farklilik
gostermedi (en diisiik p = 0,051). Olglimlerde gozlemci-igi giivenirlik iyi ile miikemmel arasindaydi (ICC = 0.895;

Copyright p <0.001).

Sonuglar: 12-18 ayda, H-PRF uygulamasi PRF uygulanmayan kontrole kiyasla istatistiksel olarak daha ytiksek FB
ile iligkiliydi; L-PRF’ye karsi fark ise anlaml degildi. Komsu ikinci molardaki periodontal indeksler genel olarak
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Introduction

Mandibular third molars (M3Ms) are the most pericoronitis, infection, TMJ-like facial pain, adjacent root
commonly impacted teeth.! While many impacted teeth  resorption, and cystic lesions—circumstances that
remain asymptomatic for years, they may also lead to  warrant extraction.? Extraction is a routine outpatient
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procedure in dentistry but is not risk-free and may be
accompanied by intra- and postoperative complications.

Beyond these general sequelae, the distal aspect of
the mandibular second molar is particularly vulnerable.? A
partially or completely impacted third molar can deepen
the gingival sulcus and precipitate distal periodontal
changes at the second molar; these may be silent and
limited to sulcular deepening, but erythema and bleeding
on probing are also observed. In addition, surgical removal
itself can jeopardize this region: during anteroposterior
luxation, elevator-generated forces may traumatize the
second molar, resulting in transient mobility or
displacement, and the distal soft tissues may be strained,
predisposing to persistent distal pocketing.* A previous
study reported that, even 2 years after third-molar
surgery, 43% of cases exhibited 7-mm distal pockets and
32% showed >4-mm intrabony defects at the mandibular
second molar. This underscores the need for biologic
adjuncts to protect the distal periodontium.”

Given this vulnerability, biologic adjuncts designed to
stabilize the socket and modulate early healing have
gained increasing attention. Development of biologically
active adjuncts has long been a focus of clinical research,
beginning with fibrin-based sealants applied to wound
margins® Among these, platelet-rich fibrin (PRF) has
emerged as a second-generation platelet concentrate
characterized by a dense fibrin matrix enriched with key
growth factors (FGF, VEGF, PDGF, TGF)’ In previous
studies, different derivatives of PRF have been used to
improve the clinical outcomes of intrabony defects in
patients with periodontitis.® PRF, an autologous
leukocyte- and fibrin-based matrix, can be placed into the
extraction socket to support hemostasis and deliver
growth factors and has been associated with reduced
postoperative morbidity and improved distal periodontal
healing after mandibular third molar surgery.® More
recently, horizontally centrifuged PRF (H-PRF) has been
reported to achieve clearer separation of cellular layers
and higher leukocyte/platelet capture than conventional
leukocyte-PRF (L-PRF), with enhanced antimicrobial and
angiogenic potential.1013

Despite these early benefits, robust long-term
evidence on socket bone microarchitecture and the distal
periodontium is limited. To capture longer-term bone
changes beyond the immediate postoperative period,
fractal analysis of panoramic radiographs provides a non-
invasive quantitative index of trabecular complexity at the
extraction socket; the resulting fractal dimension (FD)
increases with trabecular richness/organization and can
complement clinical assessment. Accordingly, we
evaluated—at 12-18 months after surgery—whether H-
PRF confers advantages over L-PRF and no-PRF with
respect to socket-level FD and site-specific periodontal
parameters around the mandibular second molar. We
hypothesized that H-PRF would yield a higher FD at the
extraction site and more favorable periodontal indices
(including greater keratinized mucosa width) than L-PRF
and no-PRF.

Materials and Methods

Study Design
This retrospective long-term follow-up (12-18
months) included patients previously treated under a
three-arm protocol (H-PRF, L-PRF, no-PRF control) for
mucosa-retained impacted M3M at the Tokat
Gaziosmanpasa University, Oral and Maxillofacial Surgery
clinic, Reporting follows STROBE. Ethics approval was
obtained from the Tokat Gaziosmanpasa University Non-
Interventional Clinical Research Ethics Committee
(Approval No: 25-MOBAEK-317/2025); all participants
provided written informed consent for the index
procedure and use of de-identified data, in accordance
with the Declaration of Helsinki. Radiographs were
anonymized and exported with randomized codes. The
fractal-analysis examiner and the periodontal examiner
were blinded to group allocation, and measurements
were obtained by a calibrated examiner. The statistician
analyzed a de-identified dataset labeled A/B/C.
Repeatability testing on a random subset re-assessed at
48 hours yielded an intra-examiner ICC of 0.895 (two-way
mixed, absolute agreement; p<0.001). For transparency,
the index surgeries were performed under a prospective
three-arm protocol with randomized group allocation; the
present manuscript reports a retrospective long-term
follow-up assessing outcomes at 12—18 months using the
recorded group assignments from the original trial
dataset.
Inclusion Criteria
o Age 18-40 years, ASA |.
e Previously extracted mucosa-retained impacted third
molars.
e Availability of an evaluable panoramic radiograph at
12—-18 months post-extraction.
e Complete periodontal charting at the adjacent
mandibular second molar.
Exclusion Criteria
e Systemic conditions
bone/periodontal healing.
e Pregnancy or lactation.
e Anticoagulant/antiplatelet therapy or prior head-and-
neck radiotherapy.
e Relevant drug allergies or poor-quality imaging.
e Periodontal surgery at second molar during follow-up.

affecting wound or

Index Surgery and Interventions

Patients had previously been treated in three groups—
H-PRF (n=15), L-PRF (n=15), and no-PRF (n=15)—at our
center using a standardized surgical technique. All
procedures were performed by a single surgeon under
local anesthesia with an envelope (sulcular) flap;
ostectomy/odontotomy was performed as needed,
sockets were debrided and irrigated with sterile saline,
and primary closure with 3-0 silk was achieved. In the H-
PRF and L-PRF groups, autologous PRF membranes
prepared intraoperatively from anticoagulant-free venous
blood were placed to fill the socket before closure; the
control group received no PRF. Postoperative care was
standardized (analgesics as needed and 0.12%
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chlorhexidine mouthrinse for 7 days; no prophylactic  mL of blood was processed in identical tubes using a fixed-
antibiotics). angle centrifuge (Elektro-mag M815P) at 2700 rpm for 12
minutes. In both protocols, three layers formed (red blood
cells at the bottom, acellular plasma at the top, and a
fibrin-rich clot between them); the clot was retrieved,
gently pressed into a membrane, and placed immediately
into the extraction socket.

PRF Preparation

For H-PRF, 10 mL of venous blood was drawn into
anticoagulant-free glass tubes and centrifuged on a
horizontal-rotor unit (Elektro-mag M815A, Istanbul,
Tirkiye) at 2200 rpm (~700 g) for 8 minutes. For L-PRF, 10

Figure 1. Selection of the ROI on Digital Panoramic Radiograph.

Figure 2. Fractal analysis workflow on the ROI: a) duplicated ROl image; b) application of a Gaussian blur; c)
subtraction of the blurred image from the duplicate; d) addition of a 128 gray-level offset; e) conversion to a binary
(black—white) image; f) erosion; g) dilation; h) inversion of pixel values; i) skeletonization of the trabecular network.
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Figure 3. FD analysis with the box-counting method.

282



Kuzu and Sen / Dental Journal, 29(2): 280-286, 2026

Figure 4. Clinical measurements around the mandibular second molar adjacent to the third-molar extraction site. (a)
Overview of the healed area. (b) Keratinized tissue width (KTW): horizontal measurement from the free gingival margin to
the mucogingival junction using a UNC-15 probe. (c) Periodontal probing depth (PPD) at the distobuccal site. PPD at the
mesiobuccal site. (d) PPD at the mesiobuccal site. All measurements were recorded in millimeters by a calibrated examiner.

Evaluation of Images Using FD Analysis

Radiographic Analysis (primary outcome): All follow-up
panoramic radiographs were acquired on the same digital
unit (Model XH-550 tube housing assembly with high voltage
generator, manufactured by J. MORITA MFG.CORP., Kyoto,
Japan) with standardized exposure settings. FD was
computed by the box-counting method in Image) 1.54p
(National Institutes of Health, Bethesda, MD, USA), following
the White & Rudolph approach.’* On each follow-up
panoramic radiograph, a square ROI (50x50 px) was placed
over the trabecular bone distal to the mandibular second
molar, excluding the socket void, cortices, and the
mandibular canal (Figure 1).The ROl was cropped to 8-bit,
duplicated, and the duplicate was Gaussian-blurred (o=35 px)
to suppress low-frequency background. The blurred image
was subtracted from the original (Image Calculator), then
128 gray levels were added to normalize intensity. The
resulting image was thresholded to binary; eroded and
dilated once to reduce noise, and skeletonized (Figure 2). FD
was obtained using Fractal Box Count with box sizes 2, 3, 4,
6, 8, 12, 16, 32, and 64 px; the slope of the log—log plot of
counts versus box size yielded the FD value (Figure 3). All
manipulations and measurements were performed within
the ROI. Each ROl was analyzed three times by the same
calibrated examiner and averaged for statistics. Although
pre-extraction radiographs were available, the extraction
socket does not exist preoperatively because the site is
occupied by the impacted third molar; therefore, a
standardized socket-based baseline trabecular ROI is not
applicable and cannot be made comparable to the
postoperative socket region. Accordingly, FD was evaluated

cross-sectionally on standardized 12-18-month follow-up
panoramic radiographs only.

Evaluation of Clinical Parameters

Clinical Periodontal Measures (secondary outcomes):
Periodontal probing was performed at six sites per
mandibular second molar (mesiobuccal, mid-buccal,
distobuccal; mesiolingual, mid-lingual, distolingual) using a
UNC-15 periodontal probe graduated in 1-mm increments.
The probe was advanced parallel to the long axis of the tooth
into the sulcus/pocket with light force until gentle resistance
was felt at the base, and probing depth was recorded in
millimeters. Buccal keratinized mucosa width was measured
as the distance from the free gingival margin to the
mucogingival junction using the same probe; buccal mucosal
thickness was assessed by gentle transgingival probing at the
mid-buccal point. Each measurement was taken three times
by a calibrated, blinded examiner and the mean value was
used for analysis.

Statistical Analysis

Analyses were performed in IBM SPSS Statistics 26.0 (IBM
Corp., Armonk, NY, USA) and GraphPad Prism 9.0 (GraphPad
Software, San Diego, CA, USA). Continuous variables were
summarized as mean * SD or median (min—max), as
appropriate. Normality was assessed with the Shapiro—Wilk
test and homogeneity with Levene’s test. Group
comparisons used one-way ANOVA (Tukey post hoc) or,
when assumptions were not met, Kruskal-Wallis (Dunn post
hoc with Bonferroni correction). Within-group site
differences were examined by repeated-measures ANOVA
with Greenhouse—Geisser correction as needed or by the
Friedman test. Categorical variables were analyzed with the
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chi-square test or Fisher’s exact test. Effect sizes (partial n? or
r) and 95% confidence intervals were reported where

Table 1. Baseline characteristics by group

relevant. Two-tailed a = 0.05; p values are given to three
decimals, with p <0.001 for smaller values.

Groups

LEIELLES H-PRF L-PRF Control group p*
Age (years)/mean * SD 24.8 +4.95 24.47 £ 6.15 23.33£5.47 0.751
Smoking/n (%) Yes 4 (26.7) 5(33.3) 7 (46.7) 0.507
No 11 (73.3) 10 (66.7) 8 (53.3)
Gender/n (%) Female 7 (46.7) 11 (73.3) 10 (66.7) 0.293
Male 8(53.3) 4 (26.7) 5(33.3)
*: One-Way ANOVA was used. Pearson chi-square test was used for the others. SD—standard deviation. n—number of participants.
Table 2. FD outcomes by group
Outcome measure Groups p
H-PRF L-PRF Control group
FD 1.319 + 0.050 (a) 1.282 + 0.036 (ab) 1.258 + 0.060 (b) 0.005*

Data are shown as meantstandard deviation. *: One-way ANOVA with Tukey post hoc test was used. (ab): Within the same row, common letters

indicate statistical insignificance.

Table 3. Postoperative soft tissue outcomes by group

Groups

out *
HECOME MEasures H-PRF L-PRF Control group 2
GT (mm)/mean + SD 1.74+1.06 1.39 + 1.04 1.09+1.21 0.288
KTW (mm)/mean + SD 17+1.1 1.23+1.05 0.84+1 0.093

Data are shown as meantstandard deviation *:0ne-Way ANOVA was used. SD—standard deviation; GT—Gingival Thickness, KTW—Keratinized tissue

width.

Table 4. Site-specific probing depths (mm) at the mandibular second molar by group (mean * SD)

: Groups "
Probing Depth (mm) Total H-PRF L-PRF Control group 2
Buccal-mesial 2+0.82 (a) 1.7 £0.59 (a) 2.4+0.99 (a) 1.9+0.71 (a) 0.051
Buccal-central 1.72+£0.7 (b) 1.57 £0.78 (a) 1.8 £0.56 (b) 1.8+0.77 (a) 0.588
Buccal-distal 279+1.01(c)  2.67+1.29 (b) 2.6 £0.63 (a) 3.1+1(b) 0.349
p2 <0.001 <0.001 <0.001 <0.001
Lingual-mesial 1.9+0.99 (a) 1.73+£0.88 (a) 2.23 +1.21 (ab) 1.73+0.8 (a) 0.283
Lingual-central 1.6 £0.75 (b) 1.53+0.92 (a) 1.8+0.77 (a) 1.47 £0.52 (a) 0.447
Lingual-distal 3.09 £1.1 (c) 3.00 £ 1.00 (b) 2.9+1.11 (b) 3.37+1.2 (b) 0.483
p2 <0.001 <0.001 <0.001 <0.001

Data are shown as meanzstandard deviation. p1 indicates between-group comparisons at each site (one-way ANOVA with Tukey post hoc or Kruskal—
Wallis with Dunn—Bonferroni post hoc, as appropriate). p2 indicates within-group comparisons among sites (repeated-measures ANOVA with
Greenhouse—Geisser correction as needed or Friedman test, as appropriate). (ab): Within the same column, common letters indicate no statistically

significant difference.

Results

Forty-five patients who underwent removal of mucosa-
retained impacted mandibular third molars were included
(H-PRF n = 15, L-PRF n = 15, control n = 15). The cohort
comprised 28 women (62.2%) and 17 men (37.8%); 16
patients (35.6%) were current smokers. Baseline
characteristics were comparable across groups (Table 1): age
(p = 0.751), sex (p = 0.293), and smoking status (p = 0.507)
showed no significant differences.

FD differed among groups (one-way ANOVA, p=0.005). H-
PRF showed higher FD than control (1.32 + 0.05 vs 1.26 +
0.06; mean difference 0.062, 95% Cl 0.018-0.105; Tukey p =
0.004), whereas H-PRF vs L-PRF (mean difference 0.038, 95%
Cl -0.006-0.082; p = 0.101) and L-PRF vs control (mean
difference 0.024, 95% Cl -0.020-0.067; p = 0.396) were not
significant (Table 2). In addition to p-values, effect sizes were
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calculated for FD outcomes. The overall group effect was
moderate-to-large (n? = 0.215; w? = 0.174). Pairwise effect
sizes (Hedges’ g) were 0.83 for H-PRF vs L-PRF, 1.07 for H-PRF
vs control, and 0.47 for L-PRF vs control.

Gingival thickness did not differ among groups (p =
0.288). Keratinized tissue width likewise showed no
between-group difference (p = 0.093), although values were
numerically higher with H-PRF (1.70 + 1.10 mm) than control
(0.84 +£1.00 mm) (Table 3). FD did not differ by sex (p =0.099)
or smoking status (p = 0.060). Intra-examiner repeatability
was high (ICC = 0.895; p < 0.001).

Across corresponding sites, between-group differences
were not significant (Table 4; buccal p; = 0.051, 0.588, 0.349;
lingual p; = 0.283, 0.447, 0.483). Probing depths were
consistently shallowest at central sites and greatest distally
on both surfaces—central-buccal 1.72 + 0.70 vs distobuccal
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2.79 + 1.01, and central-lingual 1.60 + 0.75 vs distolingual
3.09 + 1.10—with mesial sites intermediate.

Discussion

Fractal analysis offers a quantitative way to characterize
complex geometric patterns that recur across the image.
Through computational processing, it returns a single
metric—the FD—that reflects structural complexity, with
higher values indicating greater complexity.® In dental
imaging, this same approach has been applied to estimate
bone density on radiographs.6”

In our long-term follow-up of mandibular third-molar
sockets, H-PRF showed a higher trabecular FD than no-PRF
and a numerical, non-significant advantage over L-PRF, while
site-specific periodontal indices converged across groups by
12-18 months. The distal aspect of the second molar
consistently remained the deepest site. This pattern suggests
that biologic modulation with PRF can leave a measurable
imprint on bone micro-architecture detectable on DPR-
based FA'® even when routine soft-tissue or probing metrics
equalize.*

This signal is unlikely to be a mere imaging artifact. Jolley
et al.Y” set the technical context, showing that modest
periapical acquisition differences (beam angle, kVp, impulse)
do not materially shift FD, whereas between-sample
differences dominate—supporting the use of FA on routine,
non-standardized images to detect relative group effects.
Amer et al.’® provided the methodological counterpart,
demonstrating—with a  White-&-Rudolph-style  box-
counting pipeline—that absolute FD depends on ROI choice
and preprocessing yet remains a meaningful summary of
trabecular organization when those elements are kept
constant. In our study, both the ROI (distal to M2) and the
processing workflow were fixed; therefore, the observed H-
PRF > control FD difference is best interpreted as a biologic
imprint  (consistent with enhanced leukocyte/platelet
capture and sustained growth-factor release with H-PRF)
rather than a technical fluctuation. Because absolute FD
levels vary across pipelines and sites, interpretation should
emphasize the direction and magnitude of between-group
differences within a uniform method—where our data
support FA as a complementary late-phase bone-
organization endpoint after M3M surgery.

A biologically plausible explanation for the H-PRF signal is
that horizontal processing improves layer separation and
increases leukocyte/platelet capture, supporting more
sustained growth-factor release and
antimicrobial/angiogenic  activity in early healing—
mechanisms that could plausibly translate into a more
complex trabecular network months later. Consistently,
randomized evidence around extraction sockets indicates
PRF can favor early bone fill and periodontal recovery after
M3M surgery, and comparative M3M studies report osseous
benefits with PRF-based approaches.>*' Our radiographic
directionality also aligns with endodontic literature in which
FD increases as periapical bone heals after successful
therapy; a 212-month systematic review/meta-analysis
supports FA as a sensitive surrogate of trabecular re-
organization despite heterogeneity. ¥ Early clinical

fluctuations documented prospectively after M3M surgery—
periodontal probing depth/gingival index/mobility peaking
early and approaching physiological ranges by week 8, with
distal-buccal/distal-lingual sites remaining deepest—provide
a temporal bridge to our late-phase convergence in
periodontal indices.*

From a translational standpoint, the pattern we
observed—micro-architectural benefit (higher FD) without
persistent group separation in keratinized tissue width,
mucosal thickness, or site-specific probing—fits a time-
dependent healing model. It also echoes endodontic
evidence that FA can capture subtle structural changes not
readily apparent clinically, highlighting FA’s value as a
complementary outcome in third-molar research where
DPRs are routine and low-dose.®

Strengths of our study include uniform surgical protocols,
pre-measurement calibration, blinded image analysis, a
prespecified FA pipeline, and a mid-to-long-term follow-up
that exceeds most DPR-based PRF reports. Key limitations
include the retrospective design, the absence of baseline FD
at the surgical site, the inherently two-dimensional geometry
and distortions of DPRs, and the sensitivity of FD to ROI
definition. Prior literature also cautions that population
factors (e.g., age/sex) and site choice influence FD and its
reliability statistics; we mitigated these through standardized
ROI placement and consistent processing.

Future trials should prospectively acquire standardized
early postoperative (e.g., immediate post-extraction) and
serial radiographic FD assessments in randomized H-PRF vs L-
PRF designs and, where justified, cross-validate DPR-based
FA with periapical radiographs or CBCT-derived trabecular
metrics.® Because the extraction socket does not exist
preoperatively (the site is occupied by the impacted third
molar), a standardized socket-based baseline FD is not
applicable and cannot be made comparable to the
postoperative socket region; thus, we could not quantify
within-patient change over time, and the FD findings should
be interpreted as between-group differences at follow-up
rather than longitudinal trajectories. In addition, clinically
meaningful thresholds for FD differences are not established,
so the observed FD separation should be viewed as a
surrogate indicator of trabecular organization rather than
direct evidence of improved patient-centered outcomes.
Accordingly, despite the moderate-to-large effect sizes
observed, these findings should be interpreted as
radiographic differences in trabecular organization at follow-
up, and further studies correlating FD with clinical endpoints
are warranted.

Conclusions

In this cohort, H-PRF was associated with a more complex
trabecular architecture at 12—18 months than no-PRF, with
L-PRF showing an intermediate pattern, while routine
periodontal measures converged across groups. These
findings support using DPR-based fractal analysis as a
complementary, late-phase readout of bone organization
after third-molar surgery, capturing micro-architectural
differences that may not persist in conventional clinical
indices.
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