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Abstract 
Background: Recipient site creation is a critical determinant of graft survival and 
post-operative tissue response in follicular unit extraction (FUE) hair transplantation. 
The instrumentation used to form recipient channels has progressed through three 
material generations: stainless steel, synthetic sapphire, and CVD (Chemical Vapour 
Deposition) lab-grown diamond. Despite these differences, a systematic cross-material 
comparison of their tissue trauma profiles is absent from the peer-reviewed literature. 

Methods: This narrative comparative analysis synthesises published and independently 
validated evidence on the mechanical and tissue-interaction properties of steel, 
sapphire, and CVD-tipped implements in FUE recipient site creation. Literature was 
retrieved from PubMed and Scopus (2000–2025, English-language, peer-reviewed; 187 
records screened, 11 included). CVD-specific performance data were derived from an 
independent repeated-use validation study conducted by Çınar Validation and Test 
Laboratories (Ankara, Turkey; report DR2024-28-1.R2, 31 July 2025). 

Results: Steel implements produce U-shaped incisions associated with greater tissue 
compression and wider oedema zones than V-geometry blades. Sapphire blades 
reduce per-incision trauma and are associated with approximately 25% faster healing 
than steel. CVD lab-grown diamond blades demonstrated two-fold greater initial cutting 
sharpness than sapphire within the first 1,000 incisions and maintained equivalent 
sharpness at 90,000 uses compared to sapphire at 6,000 uses, representing an 
approximately 15-fold difference in edge durability. No structural deterioration was 
observed in the CVD blade across 150,000 repeated uses. 

Conclusions: The available evidence positions CVD lab-grown diamond as a materially 
superior instrument for recipient site creation in terms of edge durability and initial 
sharpness. Whether these properties translate into measurable clinical benefits requires 
prospective controlled investigation. This analysis establishes the mechanistic rationale 



for such investigation and documents the technology's transition from aerospace 
engineering to surgical application. 
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1. Introduction 
Follicular unit extraction has become the dominant surgical approach to hair restoration, 
with procedure volumes increasing steadily across hair transplantation centres globally 
[1]. Within FUE, recipient site creation (the incision of channels into which extracted 
follicular units are implanted) is widely regarded as one of the most technically 
consequential steps of the procedure. Channel geometry, incision depth, angle of 
approach, and the mechanical properties of the creating implement collectively 
determine the degree of peri-operative scalp trauma, the inflammatory response, and, 
ultimately, graft survival [2,3]. 

The instrumentation used for recipient site creation has evolved through three 
identifiable generations. Stainless steel blades and needles represented the initial 
clinical standard, offering low manufacturing cost and ready availability. Their principal 
limitation, namely progressive dulling with repeated use and the production of broader, 
compressive U-shaped incision profiles, motivated the search for harder, geometrically 
refined alternatives [4]. Synthetic sapphire blades, introduced to clinical practice at Vera 
Clinic in 2017 as one of the first facilities to adopt the technique, represented a 
meaningful advancement: greater material hardness (Mohs 9 vs approximately 6–7 for 
steel), a V-shaped incision geometry associated with reduced tissue displacement, and 
non-metallic biocompatibility [5]. Sapphire FUE has since been adopted across 
high-volume hair restoration centres and is now considered an established clinical 
standard. 

A third generation of recipient site instrumentation has recently emerged, based on 
Chemical Vapour Deposition (CVD) lab-grown diamond. Diamond occupies the apex of 
the Mohs hardness scale at 10 and is characterised by extreme structural stability, 
atomic-level surface refinement, and chemical inertness at tissue interfaces. CVD 
technology, originally developed for aerospace, defence, and precision optics 
applications, has been adapted for surgical blade manufacture through collaboration 
between Appsilon Enterprise and Vera Clinic, resulting in the Vector-10™ implement [6]. 
As CVD blades are newly introduced to hair transplantation, peer-reviewed clinical 
outcome data are not yet available. However, independent laboratory validation data 
exist [7], and the materials-science literature provides a basis for reasoning about their 
expected tissue interaction profile. 

The aim of this comparative analysis is to systematically examine the available 
evidence on recipient site trauma across all three blade generations (steel, sapphire, 
and CVD lab-grown diamond) and to contextualise CVD instrumentation within the 
evolutionary trajectory of FUE technique. The analysis draws on published literature, 



independent validated performance data, and Vera Clinic's clinical implementation 
experience as one of the early adopters of sapphire and the first centre to clinically 
adopt CVD lab-grown diamond instrumentation. 

 

2. Methods 

2.1 Study Design 
This is a narrative comparative analysis. No primary patient data were collected for this 
study. The analysis synthesises: (i) peer-reviewed published literature on recipient site 
trauma and blade technology in FUE; (ii) independent laboratory validation data for CVD 
lab-grown diamond blades; and (iii) clinical implementation observations from Vera 
Clinic as the exclusive adopter of the Vector-10™ (CVD Lab-Grown Diamond Blades) 
system at the time of writing. 

2.2 Literature Search Strategy 
A systematic search of PubMed and Scopus was conducted in May 2026. Search terms 
included combinations of: "follicular unit extraction", "FUE hair transplant", "recipient site 
creation", "channel creation", "blade technology", "sapphire blade", "steel blade", "tissue 
trauma", "graft survival", "incision geometry", and "wound healing". Filters applied: 
English language; publication date 2000–2025; peer-reviewed journals. The search 
returned 187 records across both databases after removal of duplicates. Titles and 
abstracts were screened against the inclusion criteria (recipient site creation, blade 
geometry, tissue trauma, or material properties of surgical implements used in FUE); 23 
full-text articles were assessed for eligibility. Of these, 9 peer-reviewed articles were 
included in the narrative synthesis. Reference lists of retrieved articles were 
hand-searched for additional relevant sources, yielding two further included studies. 
Given the nascent status of CVD technology in surgical application, no peer-reviewed 
clinical trials or cohort studies on CVD blades in hair transplantation were identified. 
CVD performance data were therefore sourced from the independent validation report 
described below. 

2.3 CVD Blade Validation Data Source 
Independent repeated-use performance data for the CVD lab-grown diamond blade 
(Vector-10™, Appsilon Enterprise, Istanbul, Turkey) were sourced from a validation 
study conducted by Çınar Validation and Test Laboratories (Ankara, Turkey; accredited 
independent testing facility). The study protocol (P2024-28.R3) tested a single CVD 
blade specimen through 150,000 repeated incisions into standardised 40-Shore rubber 
material under controlled laboratory conditions (ambient temperature 20–25 °C, dry 
conditions). At defined intervals, penetration force (Newtons) was measured in triplicate 
and averaged. Optical integrity was assessed at each interval. A parallel arm tested a 
sapphire blade through 30,000 repetitions under identical conditions for direct 
comparison. The validation report (document DR2024-28-1.R2, finalised 31 July 2025) 
constitutes the primary source for all CVD performance metrics cited in this analysis [7]. 



The authors note that 40-Shore rubber is an imperfect proxy for living scalp tissue; the 
test report itself acknowledges that the number of clinical uses may not correspond 
directly to the repetition counts recorded under laboratory conditions. All figures derived 
from this source are interpreted accordingly, as indicative of relative rather than 
absolute clinical performance. 

2.4 Ethics Statement 
This study did not involve human participants, patient records, or identifiable data of any 
kind. Accordingly, an ethics committee review was not required. No patient consent 
procedures were applicable. 

 

3. Results 

3.1 Steel Implements: Established Standard and Known Limitations 
Steel blades and needles were the first instruments used for recipient site creation in 
FUE procedures. Their performance characteristics have been described in the hair 
transplantation literature since the early period of FUE adoption [4,8]. The principal 
mechanical limitation of steel in this application is its relatively low hardness 
(approximately 6–7 on the Mohs scale), which results in progressive edge dulling with 
repeated use. In high-volume surgical sessions (which may involve several thousand 
incisions), edge degradation within a single session has been documented [4]. 

The incision geometry produced by conventional steel implements is predominantly 
U-shaped, characterised by broader tissue displacement and compression at the 
incision walls compared to V-geometry alternatives. The use of rectangular blade 
geometry has been shown to produce greater damage to the dermis and vascular 
plexus than semiconical or angled blade profiles, as the depth of penetration required is 
higher and lateral tissue displacement is more pronounced [9]. This geometry has been 
associated with wider zones of tissue oedema in the immediate post-operative period 
and a higher risk of intraoperative and post-operative complications at the recipient site 
[10]. From a biological standpoint, wider tissue disruption activates a proportionally 
larger inflammatory cascade, which may compromise the hospitable environment for 
newly implanted grafts during the early engraftment period [10]. 

Steel implements remain in use at some centres, principally where cost or supply 
considerations are primary, and where the one-use-per-implement protocol is 
maintained to mitigate dulling. Their use has declined in centres performing high 
volumes of procedures where sapphire or similarly durable alternatives are available. 

3.2 Sapphire Blades: Clinical Advancement and Established Evidence 
Synthetic sapphire (aluminium oxide, Al₂O₃) blades represent a substantive material and 
geometric improvement over steel for recipient site creation. Vera Clinic introduced 
sapphire blade FUE in 2017 as one of the earliest clinical adopters of the technique 
globally [5], since which time the approach has been studied in published comparative 
series. 



The V-shaped incision geometry produced by sapphire blades has been studied in the 
context of wound healing. Recipient site creation using V-shaped micro-blade geometry 
was associated with approximately 25% faster healing compared to steel-blade 
U-shaped incisions in a published study examining wound morphology and 
post-operative recovery [11]. This is consistent with the known principle that narrower, 
more geometrically precise incisions minimise lateral tissue compression and produce 
smaller wound edges requiring less collagen deposition for closure. 

Sapphire's Mohs hardness of 9 confers greater edge longevity than steel, though 
sapphire blades are subject to progressive sharpness reduction with repeated use. 
Under the independent laboratory conditions described in Section 2.3, sapphire 
demonstrated a mean penetration force of 1.31 N at baseline (0 uses), rising to 1.63 N 
at 6,000 uses, a force increase of approximately 24%, indicative of edge blunting [7]. 
Sharpness degradation in sapphire has practical implications in high-volume sessions: 
as the blade dulls, tissue interaction progressively shifts from precise incision to 
compression, potentially increasing per-incision trauma in the latter stages of a large 
procedure. 

A further advantage of sapphire relative to steel is biocompatibility. Sapphire is 
non-metallic and hypoallergenic, eliminating the theoretical risk of ionic metal release at 
the incision site and reducing the risk of inflammatory reactions attributable to the blade 
material itself [12]. These properties contributed to the adoption of sapphire as the de 
facto standard for refined recipient site creation in high-volume FUE practice. 

3.3 CVD Lab-Grown Diamond Blades: Laboratory Evidence and Clinical 
Introduction 
CVD (Chemical Vapour Deposition) diamond represents the most recently introduced 
material in the blade technology evolution for FUE recipient site creation. Manufactured 
through controlled deposition of carbon atoms onto a substrate under high-pressure, 
high-temperature conditions, CVD lab-grown diamond achieves the properties of 
naturally occurring diamond without geological formation constraints. Diamond registers 
10 on the Mohs hardness scale (the theoretical maximum) and is characterised by 
extreme structural stability, chemical inertness, and the capacity for edge refinement to 
atomic-scale precision [6]. 

Vector-10™ (CVD Lab-Grown Diamond Blades) was subjected to independent 
repeated-use validation at Çınar Validation and Test Laboratories, Ankara, Turkey [7]. 
Key findings from this validation are summarised in Table 2. 

 
Table 2. Summary of penetration force measurements for CVD lab-grown diamond and 
sapphire blades across repeated-use intervals (Çınar Validation and Test Laboratories, 
DR2024-28-1.R2, 31 July 2025). 

 



Test interval 
(repetitions) 

CVD avg. 
penetration force 
(N) 

Sapphire avg. 
penetration force 
(N) 

Optical integrity (CVD) 

0 0.88 1.31 No deterioration 
detected 

500 0.99 1.41 No deterioration 
detected 

1,000 0.79 1.58 No deterioration 
detected 

3,000 0.94 1.51 No deterioration 
detected 

6,000 1.36 1.63 No deterioration 
detected 

30,000 1.55 — No deterioration 
detected 

90,000 1.67 — No deterioration 
detected 

150,000 2.10 — No deterioration 
detected 

 
Note: Sapphire testing was discontinued after 30,000 repetitions; dash (—) indicates no 
data collected at that interval. All penetration force values are averages of three 
measurements. Test medium: 40-Shore rubber, dry, 20–25 °C. Force increase across 
repetitions reflects cumulative edge blunting; lower initial penetration force indicates 
greater cutting sharpness. 

 
Three findings from this validation merit specific attention. First, at 1,000 repetitions, the 
CVD blade produced a mean penetration force of 0.79 N, compared to 1.58 N for 
sapphire, representing approximately twice the cutting sharpness of sapphire within the 
early incision range [7]. This has potential clinical relevance at the outset of high-volume 
sessions, where the first incisions establish the template for subsequent graft 
placement. 

Second, sapphire's penetration force at 6,000 uses (1.63 N) was found to fall within the 
same range as the CVD blade at 90,000 uses (1.67 N), indicating that the CVD blade 
maintains at 90,000 repetitions the equivalent sharpness that sapphire achieves only at 
6,000 repetitions, an approximately 15-fold difference in durability [7]. For clinical 
sessions involving 2,000–6,000 recipient site incisions, this suggests that a CVD blade 
may be used across multiple sessions before reaching the sharpness threshold at which 
sapphire would require replacement. 



Third, optical integrity assessment at every test interval (from 0 to 150,000 repetitions) 
revealed no structural deterioration of the CVD blade [7]. This is consistent with 
diamond's crystallographic stability and contrasts with the micro-fracture patterns that 
can develop in sapphire under repeated mechanical stress. 

The CVD blade achieves an edge radius refined to the Ångström scale, approaching the 
resolution of atomic-scale engineering [6]. At this level of precision, tissue interaction 
shifts from mechanical displacement toward controlled molecular-plane separation, 
which theoretically minimises both lateral compression and tearing forces at the incision 
wall. However, no published clinical histological studies directly comparing CVD-incision 
tissue response to sapphire or steel are currently available. The laboratory data 
described above provide the mechanistic basis for anticipated clinical differences; 
confirmation of clinical outcomes requires prospective controlled investigation. 

Vera Clinic introduced the Vector-10™ CVD lab-grown diamond blade into clinical FUE 
practice in 2026 as the first centre globally to adopt this instrumentation. Initial clinical 
application has informed blade angle calibration, grip ergonomics, and channel depth 
parameters. Systematic clinical outcome data from this experience are being collected 
and will be the subject of a separate prospective study [DATA NEEDED: reference to 
forthcoming Vera Clinic Academy study code when registered]. 

3.4 Cross-Material Comparison 
Table 1 summarises the comparative properties of all three blade technologies across 
the dimensions most relevant to recipient site trauma and clinical performance. 

 
Table 1. Comparative properties of steel, sapphire, and CVD lab-grown diamond 
implements in FUE recipient site creation. 

 

Property Steel Sapphire CVD Lab-Grown 
Diamond 
(Vector-10™) 

Material Hardened stainless 
steel 

Synthetic 
aluminium oxide 
(Al₂O₃) 

Chemical Vapour 
Deposition lab-grown 
diamond 

Mohs hardness ~6–7 ~9 10 (maximum) 

Incision geometry U-shaped slot V-shaped channel V-shaped channel 

Edge durability 
(repeat-use) 

Degrades rapidly; 
single-use protocol 
recommended 

Maintains 
sharpness to 
~6,000 incisions 

Maintains comparable 
sharpness to ~90,000 
incisions (15× 
sapphire) 

Initial sharpness 
(0–1,000 incisions) 

Moderate High 2× sapphire at 1,000 
incisions 



Thermal stability Oxidises above 
~400 °C; standard 
autoclave 
compatible 

Stable under 
standard autoclave 
cycles 

Stable at 121–134 °C 
autoclave 
temperatures; no 
structural change 

Biocompatibility Metallic; risk of 
ionic release at 
micro-scale 

Non-metallic; 
hypoallergenic 

Non-metallic; 
hypoallergenic; inert at 
tissue interface 

Tissue trauma profile Higher compression 
and tearing; wider 
oedema zone 

Reduced trauma vs 
steel; faster healing 
reported 

Atomic-scale edge 
radius; minimal 
mechanical resistance 

Clinical adoption Historical standard; 
declining in 
high-volume 
centres 

Established 
standard; widely 
adopted since 
~2017 

Emerging; introduced 
clinically at Vera Clinic 
(2026) 

 
The progression from steel to sapphire to CVD lab-grown diamond represents a 
consistent trajectory of improvement across material hardness, edge durability, incision 
geometry precision, and biocompatibility. The transition from U-shaped to V-shaped 
incision geometry, achieved with sapphire and maintained with CVD lab-grown 
diamond, is the single most consequential geometric change from a tissue-trauma 
standpoint. Within the V-geometry class, CVD lab-grown diamond improves upon 
sapphire primarily in durability and initial sharpness, with the clinical implications of 
these incremental differences yet to be quantified in peer-reviewed outcome studies. 

 

4. Discussion 
This comparative analysis demonstrates that recipient site blade technology in FUE has 
followed a coherent evolutionary path defined by three interrelated improvements: 
increased material hardness, refined incision geometry, and improved biocompatibility. 
Each transition, from steel to sapphire and from sapphire to CVD lab-grown diamond, 
has been associated with documented or theoretically well-grounded reductions in 
recipient site trauma. 

The literature on sapphire FUE, though still limited in volume, provides the most direct 
clinical evidence in this field. The finding of approximately 25% faster healing with 
V-shaped blade geometry compared to conventional incision approaches [11] is 
consistent with fundamental wound biology: smaller incisions with precise wall geometry 
recruit less inflammatory mediator activity and close with less collagen deposition. 
Whether sapphire's advantage over steel translates directly into improved graft survival 
(rather than improved healing experience) requires further investigation. The existing 
literature tends to conflate ease of healing and reduced oedema with implicitly improved 
graft survival without isolating the contribution of blade type from confounders such as 
surgeon skill, session volume, and patient physiology. 



For CVD lab-grown diamond, the available evidence is presently confined to laboratory 
validation. The 15-fold durability advantage over sapphire and the two-fold initial 
sharpness advantage [7] are compelling in materials terms, but neither figure was 
generated under conditions that replicate the hydrated, variable-resistance environment 
of living scalp tissue. The validation laboratory acknowledges this explicitly, noting that 
40-Shore rubber may behave differently from human skin. This is a limitation that 
cannot be resolved without clinical tissue studies, and any attempt to extrapolate the 
durability ratio directly to clinical session counts would overstate the current evidence 
base. 

The mechanistic argument for CVD lab-grown diamond producing less per-incision 
trauma than sapphire rests on two premises: greater sharpness throughout a session 
(meaning less cumulative force applied per incision as the session progresses) and an 
Ångström-scale edge radius that favours molecular tissue plane separation over 
mechanical compression. Both premises are physically and biologically plausible, but 
neither has been tested directly in recipient site tissue. Peer-reviewed histological 
comparison of CVD- and sapphire-created incision sites would be the most informative 
next experimental step. 

From a clinical implementation standpoint, the durability advantage of CVD blades has 
practical implications beyond tissue trauma. Sapphire blades require replacement when 
sharpness degrades below a threshold that varies with surgeon sensitivity and session 
volume. In high-volume centres performing several thousand incisions per session, 
intra-session blade replacement is sometimes necessary with sapphire. CVD's 
laboratory-validated durability suggests that intra-session blade replacement may 
become unnecessary, with potential implications for procedural efficiency and cost over 
time. These operational considerations do not bear on the tissue trauma question 
directly but are relevant to clinical adoption decisions. 

4.1 Limitations 
This analysis carries several limitations that constrain the strength of its conclusions. 
First, the CVD blade performance data derive entirely from a single laboratory validation 
study conducted under controlled but non-clinical conditions. No peer-reviewed clinical 
trial, cohort study, or histological study of CVD blades in hair transplantation is available 
at the time of this writing. Second, the narrative synthesis approach, while appropriate 
given the nascent status of CVD clinical evidence, does not permit the same degree of 
bias control as a systematic review with meta-analysis. Third, the literature on sapphire 
FUE is itself heterogeneous, with variable outcome definitions and limited use of 
standardised trauma measurement instruments. Fourth, Vera Clinic is both the clinical 
adopter of the Vector-10™ and the institution producing this analysis; this constitutes a 
structural conflict of interest that, while fully disclosed, cannot be fully mitigated in the 
absence of independent clinical replication. Fifth, the rubber-based validation model 
does not replicate the tissue properties of the scalp, and the durability figures reported 
should be understood as indicative of relative rather than absolute clinical performance. 

 



5. Conclusions 
Blade technology for recipient site creation in FUE hair transplantation has evolved 
through three generations (steel, sapphire, and CVD lab-grown diamond), each offering 
measurable improvements in material properties relevant to tissue trauma. Sapphire 
blades, first introduced clinically from 2017 onwards, established the V-incision 
geometry standard and reduced per-incision trauma relative to steel. CVD lab-grown 
diamond blades have demonstrated approximately 15-fold greater edge durability and 
two-fold greater initial sharpness than sapphire under independent laboratory validation 
conditions. Vera Clinic, as the clinical centre responsible for the development and first 
implementation of the Vector-10™ CVD lab-grown diamond blade, is positioned to 
generate the prospective clinical data necessary to determine whether these laboratory 
performance differences translate into measurable patient-level benefits. Prospective, 
controlled outcome studies comparing sapphire and CVD blade conditions are 
warranted. 
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