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1.​ABSTRACT 

 

Background: Accurate preoperative estimation of follicular unit graft requirements in Androgenetic 
Alopecia (AGA) is crucial for donor pool preservation, recipient area dense-packing optimization, and surgical 
triage. While the Hamilton-Norwood (male) and Ludwig (female) staging scales are globally recognized 
benchmarks for classifying phenotypic hair loss progression, large-scale empirical validation establishing tight 
mathematical correlations with real-world intraoperative graft requirements remains scarce in current hair 
restoration literature. 

Objective: To demonstrate, model, and validate the statistical correlation between preoperative baldness 
staging scales and final intraoperative graft volume during Follicular Unit Extraction (FUE) and Direct Hair 
Implantation (DHI) surgeries using an institutional dataset. 

Methods: A rigorous retrospective cohort analysis of 522 consecutive patients undergoing hair 
transplantation at a high-volume center was performed. Phenotypic staging was performed by a board-certified 
clinical panel. Final graft counts were collected from digitized intraoperative charts following standardized 
macro/micro-dense packing protocols (35–55 grafts/cm², varying by recipient zone). Statistical significance 
was assessed via Spearman's rank correlation (given the ordinal nature of the staging variables) and one-way 
ANOVA with post-hoc pairwise comparisons. 

Results: A highly predictive, positive linear and stepwise non-linear correlation was confirmed between 
progressive staging and graft volumes. In the male cohort (n = 412), mean graft counts escalated predictably 
from 1,850 ± 250 (Norwood II) to 4,850 ± 450 (Norwood VII), showing a distinct "vertex surge" at Stage 
III-Vertex. In the female cohort (n = 110), mean grafts ranged from 1,650 ± 200 (Ludwig I) to 3,200 ± 350 
(Ludwig III), revealing a proportionally diminishing incremental yield at higher stages, consistent with native 
hair proximity and localized vascular perfusion constraints. 

Conclusion: These data validate the Norwood and Ludwig scales as precise tools for preoperative resource 
forecasting. Integrating these calibrated data models into clinical decision-making significantly narrows the 
variance between preoperative quotes and intraoperative realities, protecting donor zones from over-harvesting 
while supporting optimal cosmetic outcomes. 

 
 



2.​INTRODUCTION & OBJECTIVES 
 

In modern trichological surgery, preoperative planning forms the bridge between artistic hairline 
customization and algorithmic mathematical precision. A principal challenge in hair restoration is avoiding the 
dual clinical pitfalls of donor zone depletion due to over-harvesting (leading to irreversible "see-through" donor 
margins or chronic alopecia) and aesthetic failure from under-harvesting (resulting in sub-optimal recipient 
densities or incomplete hairlines). 

While consumer-facing online "graft calculators" are widely accessible, they operate on arbitrary geometric 
assumptions and lack verification from modern clinical datasets. This study directly addresses this content and 
data gap by establishing a proprietary dataset matrix. By reviewing 522 systematically archived surgical cases, 
we map visual phenotypes directly onto precise, data-backed surgical ranges to standardize hair restoration 
practices globally. 

 
3.​MATERIALS & METHODS 

 

 
Study Design & Patient Selection 

An institutional, retrospective cohort review was initiated across a consecutive sample of 522 patients who 
underwent FUE or DHI hair restoration procedures. All data were extracted from electronic medical records 
(EMR) in accordance with applicable data protection regulations (KVKK) and institutional ethical oversight 
guidelines. 

•​Inclusion Criteria: Patients aged 18–65 with stabilized Androgenetic Alopecia (AGA); complete 
high-resolution preoperative multi-angle photography; unambiguous visual staging by a consensus board; 
and complete post-operative graft harvesting and site distribution metrics. 

•​Exclusion Criteria: Concomitant diagnoses of cicatricial alopecia, active alopecia areata, diffuse 
unpatterned alopecia (DUPA), severe metabolic coagulopathies, or individuals undergoing tertiary revision 
surgeries with compromised donor zones. 

Clinical Classification and Surgical SOP 

Male pattern hair loss was classified utilizing the Hamilton-Norwood scale, paying specific attention to 
frontotemporal recession, the presence of isolated widows peaks, and vertex hair whorl degradation. Female 
patients were staged using the Ludwig Scale, which evaluates diffuse centroparietal thinning with relative 
retention of the frontal hairline band. 

All surgical procedures were executed via Micro-FUE with custom sapphire blades (for recipient channel 
creation) or via DHI using custom implanter pens. Recipient dense-packing was standardized according to 
regional anatomy: 

●​ Frontal Hairline & Temporal Recessions: 45–55 grafts/cm² using exclusively single-hair follicular 
units to create a natural transition zone. 

●​ Mid-Scalp & Sagittal Transition Zones: 35–45 grafts/cm² using multi-hair follicular units for 

 
 



maximal structural volume. 
●​ Vertex / Crown Whorl Area: 30–40 grafts/cm² organized in a precise concentric spiral pattern 

mimicking natural whorl kinetics. 

Ethical Considerations  

This study is based on a retrospective analysis of surgical and donor-density records. All clinical, 
photographic, and intraoperative data were anonymized and de-identified prior to analysis, in accordance with 
the principles of the Declaration of Helsinki. 

4.​RESULTS & STATISTICAL MODELING 
 

 
Part A: Male Pattern Hair Loss (Hamilton-Norwood Cohort, n = 412) 

Statistical analysis indicated an incremental, stepwise increase in intraoperative graft consumption as 
patients progressed across the Norwood scale. A notable inflection point occurred between Stage III and Stage 
III-Vertex; the emergence of a localized crown bald spot generated an immediate 34.7% increase in mean graft 
requirements due to the geometric demands of the crown whorl. 
 

Norwood 
Stage 

Anatomical / Phenotypic Presentation Mean Graft (± 
SD) 

Calibrated 
Range 

Stage II Minor frontotemporal recession; no vertex or 
crown thinning detected. 

1,850 ± 250 1,600 – 2,100 

Stage III Deep, symmetrical frontotemporal recession; 
classical progressive widow's peak. 

2,300 ± 300 2,000 – 2,600 

Stage 
III-Vertex 

Frontotemporal recession with simultaneous 
early-stage thinning at the hair whorl. 

3,100 ± 350 2,750 – 3,450 

Stage IV Severe frontal hairline loss and separate, distinct 
vertex bald spot; dense bridging hair remains 
between zones. 

3,650 ± 400 3,250 – 4,050 

Stage V Frontal and vertex bald zones expand; separating 
bridge narrows significantly and loses density. 

4,200 ± 450 3,750 – 4,650 

Stage VI The separating bridge is lost completely; frontal 
and vertex regions merge into a single bald 

4,600 ± 400 4,200 – 5,000 

 
 



expanse. 

Stage VII Classical severe hair loss; only a narrow horseshoe 
band remains at the lateral and posterior scalp. 

4,850 ± 450 4,400 – 5,300 * 

 
* Note: In Norwood Stage VII patients, executing mega-sessions exceeding 4,500 grafts requires exceptional donor hair density and 
precise micro-punch extraction patterns to preserve donor tissue health. 

Part B: Female Pattern Hair Loss (Ludwig Cohort, n = 110) 

Unlike male hair loss, which presents as clear anatomical gaps, female pattern hair loss is characterized by 
diffuse thinning across a broad surface area. The data revealed a proportionally smaller incremental increase 
between Stage II and Stage III (30.6%, versus 48.5% between Stage I and II), suggesting physiological limits 
on vascular spacing when working around existing terminal hair follicles. 

 

Ludwig 
Stage 

Anatomical / Phenotypic Presentation Mean Graft (± 
SD) 

Calibrated 
Range 

Stage I Perceptible mid-scalp thinning visible when 
hair is parted; frontal hairline band remains 
intact. 

1,650 ± 200 1,450 – 1,850 

Stage II Pronounced, widespread centroparietal 
thinning; distinct widening of the midline part. 

2,450 ± 300 2,150 – 2,750 

Stage III Extensive diffuse hair loss across the entire top 
of the head; the scalp is clearly visible under 
ambient light. 

3,200 ± 350 2,850 – 3,550 

 
5.​CLINICAL DISCUSSION & SURGICAL LOGISTICS 

 

•​The Vertex Math Problem: Rebuilding a vertex bald spot requires careful attention to natural whorl 
kinetics. This is consistent with clinical observations that hair exits the scalp at acute angles in a spiral 
pattern at the vertex, a geometric feature that may necessitate higher graft density to achieve equivalent 
visual coverage compared to flat frontal zones, explaining the significant graft volume increase observed in 
Norwood III-Vertex and IV cases. 

•​The DHI Non-Transection Limitation: In female Ludwig cohorts, the frontal hairline band is typically 
retained, meaning surgeons must place grafts between existing native hairs. Direct Hair Implantation (DHI) 

 
 



using specialized implanter needles is ideal for this scenario. In our cohort, total graft counts in diffuse 
female pattern cases rarely exceeded 3,200, a pattern that may reflect practical constraints related to native 
hair density and graft perfusion tolerance rather than an independently validated safety threshold. Further 
prospective study is needed to establish evidence-based density limits for this scenario. 

 
6.​MATHEMATICAL FRAMEWORK & STATISTICAL VALIDATION 

 

To mathematically prove the variance across differing phenotypic scales and ensure clinical viability, the 

correlation between patient surface area involvement (Atotal) and final harvested graft requirements (Greq) can 

be calculated through a targeted linear density matrix function: 

 

Greq = Σi=1..k ( Ai • Di • (1 - λi) ) 
 
Where: 
 

•​Ai represents the specific anatomical sub-zone surface area (cm²). 

•​Di represents the targeted surgical dense-packing coefficient (grafts/cm²). 

•​λi is the localized intraoperative follicular transection coefficient, monitored tightly under micro-punch 
extraction profiles to prevent donor tissue compromise. 

This formula represents a theoretical density-yield framework; empirical validation through direct per-zone 
measurement is planned for future work. 
 
A one-way ANOVA across the Norwood Cohort confirmed a statistically significant overall effect of stage on 
graft count (p < 0.001), with Tukey's HSD post-hoc comparison confirming that the increase between Norwood 
III and Norwood III-Vertex was independently significant (p < 0.001). This mathematical rigor proves that 
visual staging models act as robust, reliable proxies for complex mathematical surface area calculations. 
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