Sequential Strategy for Optimizing Detachment of Adherent Cells Before Flow Cytometry
Cell adhesion in culture is not passive sticking. It is an active state built by integrins and other adhesion proteins, linked to focal adhesions and the actin cortex [1]. In mammalian adherent cells, the dominant attachments are receptor- and cortex-based, not bare bilayer-on-plastic contact, and detachment can mean not only release from the culture substrate, but also separation of cells from one another. As adhesion fails, cells do not simply peel off; they round up, reorganize the cortex, and change mechanical state [2]. Detachment is often self-reinforcing: partial substrate-adhesion loss can trigger actomyosin-dependent cortical remodeling and ERM activation, that is, activation of ezrin, radixin, and moesin proteins, which link the plasma membrane to the actin cytoskeleton and organize the cortex; this response can then amplify rounding and adhesion loss [2]. A central event is focal-adhesion disassembly, not only weaker integrin binding. Detachment should therefore be framed as active de-adhesion, not passive unsticking. It can be influenced by several mechanistic levers: weakening divalent-cation-dependent adhesion, adding osmotic assist, perturbing membrane-cortex behavior, or proteolytically cutting adhesion-associated proteins. Their relative importance depends on cell type, culture surface, and downstream endpoint [1,2,27,29]. One of the best-defined chemical axes is divalent-cation regulation, although adhesion is also shaped by pH, osmotic conditions, temperature, and mechanical context [27–29]. Because adhesions are mechanosensitive, the same release condition can behave differently across culture surfaces, coatings, and mechanically distinct growth states [17,29]
For flow cytometry, particularly surface-marker staining, detachment is a critical pre-analytical variable. It can alter yield, viability, surface-epitope display, suspension quality, and apoptosis-related signaling [9,13,16–22,24,25]. It can also bias downstream adhesion assays: when cells are re-seeded onto test surfaces, measured adhesivity can depend strongly on the dissociation method used before measurement [33]. This bias appears greatest when the downstream adhesive interface is chemically sparse or weakly instructive [33]. The appropriate method is therefore endpoint-specific. A condition acceptable for routine passaging may be unsuitable for surface-marker quantification [16,17,19,20,22,24,25], especially if it causes target-MFI shift, FSC/SSC distortion, excess debris, aggregation, or loss of endpoint-relevant function.
Detachment damage is not uniform across targets. Reagents generate marker-specific vulnerability profiles, not generic “surface-marker loss.” In macrophages, for example, accutase reduced surface FasL and Fas while leaving F4/80 less affected [9]. The real question is not whether a reagent is globally “gentle,” but whether it is compatible with the specific marker panel and downstream readout. The relevant damage is not limited to epitope cleavage. Detachment can also perturb adhesion competence, re-plating behavior, migration, apoptosis readouts, and other state-sensitive measurements.
Before attempting any actual detachment step, one preparatory measure is often useful: remove divalent cations before evaluating a release condition. After aspirating the medium, rinse the monolayer quickly with cold Ca/Mg-free Versene (EDTA). This rinse is not yet the detachment step. Its purpose is to eliminate divalent cations that support adhesion. In this context, EDTA weakens adhesion chemistry rather than acting through a nonspecific washing effect [27]. Cooling can facilitate detachment in some systems, but it is not universally required and should be considered only one variable among others [5,6,14,27]. It should not be extended into a prolonged cold incubation. This preparatory step is mainly a controlled chemical reset before screening, not a release condition in its own right. For marker-sensitive adherent cells, this rinse is therefore a cautious default, but not a universal rule for every cell type, substrate, or assay. Because extracellular pH can influence integrin activation in certain contexts, pH, buffer composition, osmolality, temperature, and Ca/Mg status should remain fixed across screening arms; otherwise, apparent differences in detachment may partly reflect altered adhesion chemistry rather than the release condition being tested [27,28]
Advance down the ladder only if the current step fails analytically, not merely mechanically; analytical failure includes incomplete release, poor singlet recovery, biased re-adhesion, excess debris, early FSC/SSC drift, target-specific signal distortion, or endpoint-relevant functional loss.
0. Preparative wash
● Cold Versene, one rapid wash
● Use Ca/Mg-free Versene (0.48 mM EDTA) once.
This is the conservative preparative option for screening marker-sensitive workflows before testing actual release conditions.

1. Chelation-only release
The first true release condition is chelation alone. A well-defined starting point is Versene (EDTA)* alone, typically 0.48–0.55 mM EDTA [5,6,14]. Use 5–10 min at room temperature, then detach by gentle pipetting. Success here is not simply “some cells came off.” A usable condition should provide adequate detachment, acceptable viability, clean single-cell recovery, and preserved readout quality. Single-cell suspension quality is a primary criterion here, not a secondary convenience variable. A receptor-preserving harvest that remains aggregated may still fail analytically. If receptor preservation is excellent but release is incomplete, or if the harvest remains aggregated and analytically unusable, the step has not really succeeded and escalation is justified [22]
*Use Versene Solution (0.48 mM EDTA Tetra Sodium salt in Phosphate Buffered Saline (PBS) or use Ethylenediaminetetraacetic acid (EDTA), 0.5 M, pH 8.0, sterile (WISENT, cat. no. 809-163CL) as 10x to dissolve in PBS 

If those fail:

2. Reinforce the non-proteolytic branch
● a). Hyperosmotic condition
The most literature-supported reinforcement of EDTA-mediated detachment is a hyperosmotic EDTA/KCl buffer (0.43 mM EDTA + 308 mM KCl, ≈570 mOsm/kg), applied at room temperature for 10 minutes and extendable to 20 minutes if required. In this regimen, EDTA chelates divalent cations essential for integrin–ligand binding, while high KCl raises osmolarity and ionic strength, inducing cell shrinkage and rounding. The resulting reduction in effective cell–substrate contact makes adhesions already weakened by chelation easier to disrupt. Operationally, this condition can act both as a release aid and as an anti-resticking aid during harvest. Its value lies not only in detachment efficiency, but also in producing a cleaner transient suspension state. Because the solution is markedly hyperosmotic, treat it as a defined experimental screening step rather than a default detachment method: verify measured osmolality and pH locally, label the final preparation as a hyperosmotic EDTA/KCl buffer, and perform tighter validation for fragile primary cells or stem-cell-like systems than for robust immortalized lines.
If those fail:
● b). Optional glycerol adjunct to the hyperosmotic condition
Glycerol belongs here not as a primary mechanism, but as an exploratory adjunct layered onto the hyperosmotic condition. The evidence remains much stronger for hyperosmotic chelation than for glycerol itself. Do not present glycerol as co-equal with hyperosmotic chelation. Enzyme-free solutions containing glycerol were less effective than the optimized hyperosmotic formulation [12]. Glycerol is therefore reasonable to screen, but it should be treated as an exploratory adjunct rather than as an equally validated mechanism; any membrane-interface contribution remains speculative and clearly subordinate to osmotic and chelation effects.
If those fail: 
● c). Pre-formulated non-proteolytic dissociation buffers
The next level within the non-proteolytic branch is pre-formulated non-enzymatic dissociation buffers designed to preserve surface epitopes. Representative examples include Sigma C5789 (an EDTA-based formulation containing sodium citrate, nitrilotriacetic acid, and glycerol), Thermo Cell Dissociation Buffer (a proprietary mixture of salts, chelators, and conditioning agents), and Corning CellStripper (a chelator-based reagent). Mechanistically, they are best understood as pre-formulated chelator-driven dissociation systems that may include ionic or cell-conditioning components, not as a fundamentally separate conceptual category. Their combined chelating and ionic actions weaken integrin-mediated adhesion without proteolytic surface-protein degradation. 
Cell-type and downstream-assay caveat
For macrophages and similarly adherent cells, the appropriate option may depend on both reagent and culture surface. In macrophage models, standard tissue-culture-treated versus less adhesive dishes can shift adhesion context, baseline inflammatory phenotype, and the preferred detachment method [17]. Because adhesion complexes are mechanosensitive, surface and growth-state context can change resistance to a given release condition [29]. Phenotype/function studies likewise show that proteolytic harvest can preserve viable recovery yet perturb macrophage markers and downstream function, whereas EDTA on ice can better preserve phenotype in some macrophage settings [20]. Macrophage detachment is therefore especially context-dependent; these conclusions should not be generalized automatically to other adherent cell types. Dissociation history can also bias subsequent adhesion measurements on different surfaces, so materials comparisons should not mix harvest methods [33]. In some MSC workflows, Cell Dissociation Buffer preserved chemokine receptor expression and migration better than enzymatic methods, but these findings should be read as MSC-specific rather than general across adherent cells [21]. Any reported serum-supplementation benefit should therefore be treated as context-dependent and verified directly against the source before inclusion in a general workflow recommendation.
	Product
	Mechanism class
	Practical place in ladder
	Package
	Example catalog price*
	Approx. per 100 mL

	Gibco Versene
	EDTA chelation
	First wash / first incubation
	100 mL
	USD 17.94
	USD 17.94

	CTS Versene
	EDTA chelation
	Same role, cGMP context
	100 mL
	USD 44.54
	USD 44.54

	Thermo Cell Dissociation Buffer
	Pre-formulated non-proteolytic
	Step 3
	100 mL
	USD 55.75
	USD 55.75

	Sigma C5789
	Pre-formulated non-proteolytic
	Step 3
	100 mL
	USD 54.00
	USD 54.00

	Corning CellStripper
	Pre-formulated non-proteolytic
	Step 3
	6 × 100 mL
	USD 206.70 case price
	USD 34.45

	PromoCell Macrophage Detachment Solution
	Specialized non-proteolytic
	Step 3, macrophage-focused
	250 mL
	USD 140.00
	USD 56.00


In some MSC workflows, Cell Dissociation Buffer preserved chemokine receptor expression and migration better than enzymatic methods, although these findings should be read as MSC-specific rather than general across adherent cells [21]. The reported benefit should therefore be treated as context-dependent, and any serum-supplementation detail should be verified directly against the source before being carried into a general workflow recommendation.
If those fail: 
● d) Exploratory lidocaine adjunct layered onto the best non-proteolytic base
Lidocaine is neither proteolysis nor simple chelation. It is a reported rounding-based detachment aid in some systems. Local anesthetics, including lidocaine, induced rounding followed by detachment of >95% of viable cells in Ca²⁺/Mg²⁺-free PBS, with 16 mM identified as the reported optimal concentration in the tested fibroblast and prostate-cancer models [11]. These anesthetics worked much more slowly and less efficiently in ordinary culture media than in Ca²⁺/Mg²⁺-free PBS [11]. Local anesthetics should not be treated as interchangeable: the class is heterogeneous in potency, reversibility, and toxicity profile. In practice, lidocaine is best treated as an exploratory auxiliary branch supported by limited model-system evidence, not as an early default step or a generally established escalation standard. Because the supporting evidence comes from limited model systems, fragile primary cells or immune-cell workflows require local viability and function checks before adoption. Because lidocaine formulations can shift local pH, buffer conditions should again be checked before side-by-side comparison. 
Optional speculative note: membrane-interface modifiers
This material should sit outside the operational ladder. A separate, more speculative axis involves membrane-interface modifiers and other nonstandard anti-adhesion approaches, not established detachment reagents. Glycerol, for example, can weakly alter the headgroup–water interface and surface hydration in phospholipid model systems [30,31], but in intact cells any such contribution is likely to be minor compared with chelation, osmotic assistance, and adhesion–cortex mechanics. Transcutol likewise fits better as a speculative permeability-modifying co-solvent than as a validated detachment reagent; available studies support membrane or permeation effects in other contexts, not adherent-cell release [32]. Small-molecule integrin antagonists occupy a similar mechanistic boundary: they can reduce adhesion in subtype-specific ways, but for routine adherent-cell harvest they function as experimental blockade tools, not practical detachment reagents. Clinically used examples such as tirofiban (αIIbβ3 antagonist) and lifitegrast (LFA-1 antagonist) illustrate therapeutic anti-adhesion activity rather than cell-harvest utility. More relevant experimental compounds include cilengitide (typically 1–10 µM), BIO1211 (low-nanomolar α4β1 antagonist), BTT-3033 (α2β1 inhibitor; EC50 ~130 nM, often used around 1 µM), and 1a-RGD (20 µM). Nonionic surfactants with large hydrophilic heads such as Tween 80 or polyglyceryl fatty acid esters can modify membrane interfaces in model systems, but their relevance to clean, epitope-preserving adherent-cell detachment remains speculative. Taken together, these agents are boundary-level exploratory anti-adhesion tools, not candidates for the main escalation ladder in marker-sensitive live-cell detachment. Retain them as a boundary box rather than an intervening operational step.If those fail: 
3. Only after that: lower-risk enzymatic options
Only after the non-proteolytic branch has failed should one move to commonly used enzymatic options such as TrypLE or Accutase. These reagents are often effective, but they are not universally “marker-neutral.” Multiple studies show marker-specific vulnerability profiles. Accutase reduced surface FasL and Fas in macrophages while leaving F4/80 less affected [9]. In other systems, recombinant trypsin substitutes may in some contexts reduce collateral proteolysis relative to conventional trypsin, but marker preservation remains cell-type- and assay-dependent. The question, then, is not whether a reagent is globally mild, but whether it is panel-compatible and endpoint-compatible. The correct comparison is therefore not “enzymatic versus non-enzymatic” in the abstract, but assay-defined success for the specific downstream use.

This section also requires an explicit distinction between immediate and recovery readouts. After accutase, surface FasL and Fas remained reduced at 2 h and recovered only gradually over the following hours, with recovery extending to about 20 h in that macrophage system, whereas F4/80 was less affected [9].
● for immediate post-harvest surface analysis, avoid reagents known to perturb the target epitope;
● for assays that allow recovery after replating, some targets may reappear, but only after a defined interval that may vary by cell type and target. Some targets can recover after replating, but immediate post-harvest analysis and delayed functional analysis should not be interpreted as equivalent biological states.

Enzymatic harvesting should also not be treated as something stopped “by feel.” Detachment kinetics shift with confluence and reagent strength. In one quantitative monitoring study, the optimal inhibition point in that monitored system occurred at about 92.5% detached, with average inhibition times of 9.6–11.1 min for medium-to-high-density cultures and 16.2–17.2 min for overconfluent cultures; diluted harvesting solution slowed detachment further [15]. These values are not universal timings, but they strongly support a general rule: for enzymatic steps, stopping should be standardized against a defined detachment endpoint, using an objective stopping rule rather than operator impression alone. Confluence, reagent dilution, and donor/cell-source variability should be treated as determinants of harvest kinetics, not background noise.
There is an important caveat: in some systems, particularly mesenchymal stromal cell (MSC) workflows, enzymatic dissociation can yield higher viable recovery and cleaner single-cell suspensions than non-enzymatic methods. Therefore, the escalation ladder should be read as a conservative, epitope-preserving guideline rather than a universal rule that enzymes are always inferior. Trypsin-related risk is therefore real but not universal; some panels and cell types show limited antigen loss under controlled tryptic conditions [37]. Empirical testing on the specific cell type and downstream assay remains essential [8,21].
	Product
	Mechanism class
	Practical place in ladder
	Package
	Example catalog price*
	Approx. per 100 mL

	TrypLE Express
	Lower-risk enzyme
	Step 5
	100 mL
	USD 39.65
	USD 39.65

	ACCUTASE
	Lower-risk enzyme
	Step 5
	100 mL
	USD 62.00
	USD 62.00


* Relative procurement costs should be verified locally before use.
Trace-protease bridge for aggregation-prone EDTA-preserved harvests
If EDTA-based detachment preserves receptors but fails to generate a clean single-cell suspension, a trace-protease bridge can in some settings outperform both EDTA alone and conventional trypsinization. In MSC adhesion and chemotaxis assays, Cell Dissociation Buffer followed by 30 s exposure to 0.05% trypsin-EDTA produced a more reproducible single-cell suspension and preserved receptor-dependent adhesion and chemotaxis better than PBS-EDTA alone or standard trypsinization [22]. This is important because the true requirement in many assays is not maximal receptor preservation alone, but a reproducible single-cell suspension that still preserves receptor-dependent function..
If those fail: 
4. Yield-first proteolytic rescue
Trypsin-EDTA is a yield-first proteolytic rescue step, not the default method for marker-sensitive flow cytometry. It is often the most efficient option for stubborn cells, but it carries the clearest risk of epitope loss and broader perturbation [7,8,13]. That perturbation is not limited to surface cleavage. Trypsin side effects can begin within the first seconds of exposure and can include rapid changes in cell volume and cytoplasmic composition [19]. Trypsin should therefore be treated as a whole-cell physicochemical perturbation, not merely a surface-cleaving reagent. Use the lowest concentration and shortest exposure that work, then neutralize immediately. Brief exposure is not biologically neutral. The endothelial-cell literature also shows that mild trypsinization can preserve more surface integrin function than higher-concentration trypsin while still achieving release: in that endothelial system, 0.025% trypsin for 5 min preserved more α5β1 integrin and supported faster spreading than 0.5% trypsin [23]
5. Scraping last
Mechanical scraping stays last. It is generally reserved for salvage, because it perturbs both readout quality and cell state. This is especially important for annexin-V or related membrane-damage readouts, because mechanical harvesting bias is strongly cell-line-dependent and can generate false apoptosis signals [36]. It can distort apoptosis-related and surface-marker readout [13], and it can also alter downstream physical-state measurements. Compared with chemical detachment methods, scraping altered measured electrophysiological properties in adherent-cell analyses [18]. Scraping is therefore not just “rough”; it introduces a different class of artifact that can make downstream interpretation less trustworthy. Reserve scraping for cases in which other methods fail and the downstream endpoint can tolerate harvest-associated artifacts.
Operational rule
The conservative escalation order is therefore:
cold Ca/Mg-free wash → chelation-only release 
→ hyperosmotic condition ± optional glycerol adjunct
→ pre-formulated non-proteolytic dissociation buffers
 → lidocaine layered onto the best previous non-proteolytic 
	→ lower-risk enzymatic option ± trace-protease bridge for 					aggregation-prone EDTA-preserved harvests
→ yield-first proteolytic rescue 
→ scraping
Architecture-preserving release platforms and workflow-redesign strategies should be treated as parallel branches, not merely late rescue options [34,38,39]. This order should be read as a conservative epitope-preserving escalation strategy, not as a universal law for all adherent cells. When feasible, workflow redesign that avoids detachment altogether may be preferable to optimizing a potentially damaging harvest step. 
Validation criteria for each escalation step
The optimal method depends on cell type, culture surface, coating, required suspension quality, downstream endpoint, and the mechanical or maturational state of the adhesion system [16,17,20–22,29]. At each step, success should be judged analytically, not merely mechanically, using: 
· percent detached,
· viability,
· single-cell suspension quality,
· singlet fraction,
· debris burden,
· FSC/SSC integrity and early FSC/SSC drift or broadening as a stress warning sign,
· preservation of key marker MFI relative to the least disruptive workable condition, and
when relevant, endpoint-specific function: migration, adhesion, phagocytosis, polarization, receptor-dependent signaling, RNA integrity, or other phenotype-sensitive outputs [16,17,20–25]. When the downstream assay involves reseeding, post-reattachment behavior should also be treated as a primary evaluation metric. In other words, success is assay-defined, not mechanically defined.
Variables to hold constant during screening: 
For later SOP development, the following parameters should remain as consistent as possible across screening arms: pH, Ca/Mg status, osmolality, temperature, incubation time, culture surface or coating, confluence or adhesion maturity, and mechanical aggressiveness of pipetting or resuspension. The same dissociation method should also be maintained across any experiment that compares downstream adhesion on different materials or coatings; otherwise, the apparent ranking of surfaces may become method-dependent [33]. At the present stage, this is best treated as guidance for controlled comparison rather than as a fixed validation framework.
Cost logic
The relative cost logic is straightforward but should be expressed as qualitative procurement logic in the main text, rather than through exact catalog prices, which shift by vendor, region, pack size, and time. Versene is the cheapest rational first-line reagent; hyperosmotic chelation buffers prepared in-house are also low-cost; pre-formulated non-proteolytic buffers cost more but stay in the epitope-preserving branch; lidocaine is cheap and specialized; enzymatic reagent costs vary by vendor, pack size, and region; Accutase is often priced above TrypLE-type options; PromoCell’s macrophage reagent is a niche premium option justified mainly for macrophage-type adhesion problems. If exact catalog-price tables are retained, they should be placed in an appendix or procurement snapshot, not in the main operational argument.
Boundary notes
Specialized non-reagent detachment platforms also exist, including acoustic or ultrasonic systems, stimuli-responsive engineered surfaces, and other device-dependent release technologies, but these lie outside the scope of the present reagent-centered workflow [17]. They should be treated as engineering solutions tied to specific physical or material platforms, not as general replacements for the reagent ladder; their value is to show that detachment can also be framed as a force-, interface-, and system-design problem. A distinct design principle deserves elevation from a boundary note: when feasible, workflow redesign can be preferable to optimizing a potentially damaging harvest step. When detachment itself is the main source of distortion, changing the culture or assay format may be more effective than searching for a slightly better release reagent. Examples include differentiation on non-adherent or ultra-low-attachment formats followed by reseeding onto the true test substrate, and no-touch staining workflows that reduce or bypass conventional detach/wash/centrifuge sequences [38,39]. In macrophage work, direct differentiation and assay in tube-based or alternative culture formats can bypass the detachment problem entirely [26]; this principle should be considered early for especially fragile or phenotype-sensitive systems, not only after reagent optimization has failed. Taken together, the central practical lesson is that detachment is not merely a preparative step: it is a controlled or uncontrolled perturbation that can reshape the next measurement, the next culture step, or the biological conclusion drawn from the experiment.

	Local anesthetic
	Class
	Effective concentration relevant to detachment/rounding
	Primary detachment-relevant action
	In vitro stability / serum-enzyme relevance
	Practical meaning for detachment screening

	Procaine
	Ester
	~16 mM in Ca²⁺/Mg²⁺-free PBS for non-adherent viable maintenance in the detachment study
	Membrane intercalation, altered lipid packing, rounding, reduced spreading, focal-adhesion/cortex disruption
	Esterase-sensitive in principle, but short serum-free or low-serum incubations reduce this issue
	Comparator compound; do not claim superiority to lidocaine unless validated in the target system.

	Chloroprocaine
	Ester
	No detachment-specific working concentration identified
	Same broad ester-anesthetic class; no strong detachment-specific advantage
	Rapidly hydrolyzed in vivo; short in vitro exposure reduces but does not remove uncertainty
	Poor candidate. No clear reason to prioritize for controlled cell-culture detachment.

	Tetracaine
	Ester
	1 mM in Ca²⁺/Mg²⁺-free PBS was fastest for detachment in the detachment study; 1.5 mM caused macrophage rounding within 10–15 min in older morphology work
	Strong membrane intercalation; rapid rounding and detachment; high perturbation potential
	Esterase-sensitive but potent; serum hydrolysis is secondary to toxicity/perturbation risk
	Mechanistically useful positive control, but likely too harsh for marker-sensitive live-cell flow.

	Benzocaine
	Ester
	No practical aqueous detachment concentration
	Membrane-active anesthetic, but poorly suited to aqueous buffer workflows
	Poor aqueous solubility is more important than serum metabolism
	Boundary note only. Not a practical detachment reagent.

	Lidocaine
	Amide
	16 mM in Ca²⁺/Mg²⁺-free PBS in the detachment study; 12 mM caused macrophage rounding within 10–15 min in older morphology work
	Most documented anesthetic-mediated detachment reference; moderate membrane partitioning, rounding, reduced spreading, focal-adhesion/cortex perturbation
	Low serum/plasma enzyme sensitivity compared with esters
	Best reference compound among the “caines,” but still biologically dirty at detachment doses. Requires validation of viability, FSC/SSC, pH/osmolality, and marker MFI.

	Mepivacaine / Prilocaine
	Amide
	No detachment-specific working concentration identified
	Similar broad amide-anesthetic behavior; no clear detachment-specific advantage
	Low serum-enzyme sensitivity
	No demonstrated advantage over lidocaine or commercial enzyme-free buffers.

	Bupivacaine / Ropivacaine
	Amide
	No detachment-relevant concentration recommended
	Strong membrane-active anesthetics; higher risk of cytoskeletal and membrane perturbation
	Low serum-enzyme sensitivity
	Serum stability is not the problem; excessive cell-state perturbation makes them poor fits for marker-sensitive flow.

	Articaine
	Amide with ester group
	No detachment-specific working concentration identified
	Hybrid pharmacology; no detachment-specific advantage
	Mixed profile with esterase-sensitive component
	Awkward comparator. No practical advantage for this workflow.

	Dibucaine / cinchocaine
	Amide-type local anesthetic
	No routine detachment concentration recommended
	Potent membrane intercalator used historically in membrane/cytoskeleton studies
	Serum-enzyme sensitivity is not the main limitation
	Too potent and cytotoxic/perturbing for routine live-cell detachment. Mention only if discussing boundary mechanisms.
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