Supplementary Methods
1. Behavioral assessments
1.1 General health and neurologic screening
Basic physical parameters, including body weight and rectal temperature, were recorded. Neuromuscular function was evaluated using grip strength and wire hang tests, as described previously [1]. Forelimb grip strength was measured using a grip-strength meter (O’Hara & Co., Tokyo, Japan). Mice were held by the tail and allowed to grasp a wire grid with their forepaws; they were then gently pulled backward until they released the grid. The maximum force applied before the release was recorded in Newtons. For the wire hang test, mice were placed on a wire mesh (O’Hara & Co., Tokyo, Japan), which was carefully inverted, requiring the animals to cling to the wire. The latency to fall was measured, with a maximum cut-off of 60 s.
1.2 Three-chamber social approach test
Mouse social preference was examined using a three-chambered apparatus (20 × 40 × 47 cm) equipped with a video camera (O’Hara & Co., Tokyo, Japan). The test included a habituation phase followed by sociability and social novelty preference tests. In the sociability test, a test mouse explored two wire cages, one containing an unfamiliar mouse (Stranger 1) and the other empty. In the social novelty preference test, a second unfamiliar mouse (Stranger 2) was introduced into the previously empty cage. The time spent exploring each chamber and interacting with each cage was analyzed using ImageCSI software.
1.3 Porsolt forced swim test
To evaluate depression-like behavior[2], mice were placed in a Plexiglas cylinder (20 cm height × 10 cm diameter; O’Hara & Co., Tokyo, Japan) filled with water (21–22℃) to a depth of 7.5 cm. The mice were tested for 10 min per day over two consecutive days, and immobility time was automatically analyzed using ImagePS software.
1.4 Barnes maze test
Spatial reference memory was evaluated using the Barnes circular maze, a dry-land alternative to water-based navigation tasks[3]. The apparatus consisted of a white circular platform (1.0 m in diameter) elevated 75 cm above the floor with 12 evenly spaced holes along the perimeter (O’Hara & Co., Tokyo, Japan). A black Plexiglas escape box (17 × 13 × 7 cm) was positioned beneath one of the holes (designated as the target).
During the acquisition phase, mice underwent two trials per day for 9 days. At the beginning of each trial, the mouse was placed at the center of the platform and allowed to explore freely for up to 5 min. If the mouse failed to locate and enter the target hole within this period, it was gently guided to the escape box and allowed to remain there for 30 s before being returned to the home cage.
The target hole location remained constant for each mouse but was counterbalanced across mice. To minimize reliance on local or olfactory cues, the maze was rotated daily while maintaining the spatial orientation of distal visual cues. Behavioral performance—defined by latency to reach the target (s), number of errors (incorrect hole entries), and path length (cm)—was automatically recorded using ImageBM software.
Probe trials, in which the escape box was removed, were conducted on days 10 and 37 (i.e., 1 and 28 days after training completion) to assess spatial memory retention. During these tests, the time spent in proximity to each hole was measured.
1.5 Hot plate test
Thermal nociception was evaluated using a heated-surface assay. Each mouse was gently placed on a metal hot plate maintained at 55.0 ± 0.3°C (Columbus Instruments, Columbus, OH, USA), and the latency to the first nociceptive reaction was measured in seconds. A nociceptive response was defined as either hind paw licking or rapid paw shaking. 
1.6 Rotarod test
Motor coordination and balance were evaluated using an accelerating rotarod apparatus (3 cm diameter; UGO Basile Accelerating Rotarod). Mice were tested over two consecutive days, with three trials per day. The latency to fall from the rotating rod was recorded. The rotarod speed was gradually increased from 5 to 40 rpm over 300 s.
1.7 Acoustic startle response and prepulse inhibition (PPI) test
The acoustic startle reflex and PPI were measured using a startle response system (O’Hara & Co., Tokyo, Japan). Mice were placed individually in a Plexiglas cylinder and allowed to acclimate for 10 min. The startle stimuli consisted of 40-ms bursts of white noise at either 110 or 120 dB. To evaluate PPI, a weaker auditory stimulus (74 or 78 dB) was delivered 100 ms before the startle stimulus. Each session included six trial types: two startle-only trials and four prepulse–startle combinations (74–110, 78–110, 74–120, and 78–120 dB). These six trial types were presented once per block in pseudorandom order across six blocks. The average inter-trial interval was 15 s (range, 10–20 s), and a continuous 70-dB white noise served as the background. Startle responses were recorded for 400 ms beginning at the onset of the prepulse. The PPI percentage for each animal was calculated as follows:


	​
1.8 Light/dark transition test
The light/dark transition test[4] was performed using a two-chamber apparatus (21 × 42 × 25 cm) with a small doorway (O’Hara & Co., Tokyo, Japan)[5]. One chamber was brightly illuminated (390 lux), while the other remained dark (2 lux). Mice were initially placed in the dark chamber and allowed to freely explore both chambers for 10 min. Their movements were automatically measured using ImageLD software, with measurements including the total distance traveled, number of transitions, latency to first entry into the light chamber, and total time spent in the light chamber.
1.9 Open field test
Mice were placed in a 40 × 40 × 30-cm open-field arena (Accuscan Instruments, Columbus, OH, USA), and the central zone was defined as 20 × 20 cm. Over a 120-min period, locomotor activity—including total distance traveled, vertical activity (rearing events), time spent in the center, and stereotypic behavior—was recorded via photobeam interruptions.
1.10 Elevated plus maze (EPM) test
Anxiety-like behavior was assessed in the elevated plus maze (EPM). The apparatus consisted of two open arms (25 × 5 cm) and two closed arms of the same dimensions enclosed by 15-cm-high transparent walls, connected by a central square (5 × 5 cm) (O’Hara & Co., Tokyo, Japan). The entire structure was raised 55 cm above the floor. To prevent falls, the open arms were equipped with a 3-mm-high ledge along both sides. Mice were placed in the central square, facing a closed arm, and allowed to explore freely for 10 min. Behavior was recorded and analyzed with an automated video analysis system (ImageEP software), which was used to quantify arm entries, total distance traveled, percentage of open-arm entries, and time spent in the open arms.
1.11 Tail suspension test
The tail suspension test was performed to evaluate depression-like behavior. Mice were suspended by the tail, approximately 30 cm above the floor, in a visually isolated chamber using an adhesive tape affixed approximately 1 cm from the tip of the tail. Each session lasted 10 min, during which periods of immobility were recorded. Immobility time was quantified automatically with ImagePS/TS software using the same procedure as that for the forced swim test.
1.12 Social interaction test
Social behavior was assessed in a novel environment. Mice of the same genotype, matched in weight (within 1.5 g), were placed together in a 40 × 40 × 30 cm acrylic box and allowed to interact freely for 10 min. The total number of contacts, duration of contact, duration of active contact, mean duration per contact, and total distance traveled were automatically recorded and analyzed using ImageSI software. Active contacts were defined as interactions that occurred at speeds exceeding 10 cm/s.
1.13 Home-cage social interaction test
Social behavior and locomotor activity were evaluated over a 1-week period using a home-cage social interaction paradigm, as previously reported [6]. The monitoring system consisted of a standard home cage (internal dimensions, 25 × 15 × 23.5 cm) with paper-chip bedding and an infrared video camera mounted on the cage lid. Two mice of the same genotype, previously housed separately, were placed in the cage. Video recordings were acquired at 1 frame/s. Social interaction was quantified automatically using ImageHA software. The detection of two distinct particles indicated that the animals were apart, whereas a single particle (inability to distinguish two separate bodies) indicated direct contact. Locomotor activity was calculated by counting the number of pixels that differed between consecutive frames. For each animal pair, the average number of animals detected and the total activity level were computed in 1-h bins over 7 days.
1.14 T-maze spontaneous alternation test
The spontaneous alternation T-maze task was used to evaluate spatial working memory via an automated T-maze system (O’Hara & Co., Tokyo, Japan), as described previously [7]. The apparatus consisted of white plastic corridors with 25-cm-high walls and was divided into six compartments: the stem of the T, a central straight alley, left and right arms, and connecting passageways between the arms and stem. Mice underwent one daily session of 10 trials each (maximum duration, 50 min) for 3 days. Every trial comprised two phases: a forced-choice run followed by a free-choice run, separated by a 60-s inter-trial interval. During the forced-choice phase, the animals were directed into either the left or right arm and confined for 10 s. Then, the connecting door was opened, permitting the mice to return to the start compartment. Three seconds later, the free-choice trial began during which the mice were allowed to select either arm. Thereafter, mice were subjected to the delayed alternation task, in which the free-choice run was started after a delay of 3, 10, 30, or 60 s. Choosing the arm opposite to the one entered during the forced-choice phase was considered a correct response. The mean percentage of correct choices across sessions was calculated. Data were automatically collected and analyzed using ImageTM software (see “Image analysis” in the Methods).
1.15 Contextual and cued fear conditioning test
Fear memory was evaluated using contextual and cued fear conditioning via an automated video-based analysis system[8]. Mice were first placed in a conditioning chamber (26 × 34 × 29 cm) located in a sound-attenuated room and allowed to explore for 2 min. They were then exposed to a 30-s auditory cue (55 dB white noise) as the conditioned stimulus (CS). During the final 2 s of the CS, a mild footshock (0.3 mA, 2 s) was delivered as the unconditioned stimulus (US). This CS–US pairing was repeated twice at 120-s intervals.
To assess contextual memory, mice were returned to the same conditioning chamber on day 1 and again on day 29 after training. More than 2 h after the context test, cued memory was examined in a distinct triangular chamber (35 × 35 × 40 cm, opaque white plastic) located in a different sound-attenuated room. In the cued test, animals were observed for 3 min without the CS, followed by 3 min of CS presentation.
During both tests, video images were acquired at a rate of 1 frame/s, and freezing behavior (%) and distance traveled (cm) were automatically quantified using ImageFZ software. In addition, to assess footshock sensitivity, images were recorded at 4 frames/s for 6 s, spanning 2 s before, during, and after footshock delivery, and locomotor activity (distance traveled) was measured.
1.16 Image analysis
Mouse behaviors were automatically quantified using specialized Image software packages (ImageLD/EP/SI/CSI/PS/TS/TM/BM/FZ/HA), as previously described. These applications are modified versions of the public-domain ImageJ program (developed by Wayne Rasband, National Institute of Mental Health, Bethesda) and were tailored for each behavioral test by Tsuyoshi Miyakawa. Several of these programs (ImageLD, EP, TM, and FZ) are publicly available at http://www.mouse-phenotype.org/.
2. Single-nucleus RNA sequencing
2.1 Interaction analysis of microglial Iba1 genotype and axotomy
Differential expression tables were exported from Loupe Browser for four pairwise contrasts: (a) Iba1+/+-sham vs. Iba1+/+-axotomy, (b) Iba1+/+-sham vs. Iba1-/--sham, (c) Iba1-/--sham vs. Iba1-/--axotomy, and (d) Iba1+/+-axotomy vs. Iba1-/--axotomy. For each contrast, the directionality was defined with respect to the second condition in the pair (i.e., “Up” = higher in the second condition; “Down” = lower). The resulting DEG tables were then used to generate volcano plots in R (ggplot2/ggrepel), coloring points as Up (red), Down (blue), and NS (grey) using thresholds of |log2FC| > 0.25 and p < 0.05, with the 15 lowest-p genes labeled.
2.2 Violin-plot visualization and statistical analysis of microglial gene expression 
Single-cell RNA-seq data were processed in R 4.5.1 using Seurat (v4.4.3). For each sample (Iba1+/+sham, Iba1+/+axotomy, Iba1-/--sham, Iba1-/--axotomy), microglia were extracted as previously described. Raw UMI counts were transformed as log1p(counts) before plotting to stabilize the variance while retaining zero-inflated observations. Violin plots were generated with ggplot2, and arranged into experimental groups (columns) and functional gene categories (rows). Genes were grouped as pro-inflammatory cytokines (Il12b, Il12a, Ifng, Tnf, Il6, and Il1b), anti-inflammatory cytokines (Il4, Tgfb1, and Il10), chemokines (Cxcl10, Cxcl2, and Ccl2), growth factors (Il33, Csf2, and Csf1), and Aif1l. Group colors were light green (Iba1+/+-sham), dark green (Iba1+/+-axotomy), magenta (Iba1-/--sham), and dark pink (Iba1-/--axotomy). When applicable, between-group differences for each gene were assessed using the Kruskal–Wallis test, followed by pairwise Wilcoxon rank-sum tests with Benjamini–Hochberg correction.
2.3 Microglial reclustering and functional annotation
Microglia were identified by inspecting the expression of canonical markers including Aif1 (Iba1), P2ry12, Tmem119, Trem2, Itgam (Cd11b), Cd68, and Sall1 using the Loupe Browser (10x Genomics). Clusters exhibiting concentrated expression of these markers were designated as microglial populations (Fig. S13a–h).
Cells belonging to these microglial clusters were then subset into a new Seurat object for downstream reclustering analysis. Log-normalized expression values were scaled, followed by a principal component analysis (PCA) of the top 2,000 variable genes. A shared nearest neighbor graph was constructed from the top 20 principal components, and clusters were identified using the Louvain algorithm with a resolution of 0.2, yielding four clusters. Visualization was performed using UMAP.
Cluster composition across experimental groups (Iba1+/+-sham, Iba1+/+-axotomy, Iba1-/--sham, Iba1-/--axotomy) was quantified by calculating the relative proportion of cells per cluster.
2.3.1 Cluster proportion analysis
Cell-type composition was quantified for each group. Pairwise comparisons were performed using Fisher’s exact test (per cluster), and the effect size was evaluated using standardized residuals and Cramer’s V.
2.3.2 DEG analysis
For each microglial cluster, DEGs were identified using Seurat’s Wilcoxon rank-sum test, comparing the target cluster against all remaining microglia. The thresholds were set as follows:
adj. p < 0.05, log2FC ≥ 0.25
2.3.3 Volcano plot visualization of cluster-specific DEGs
For each microglial cluster Ck (k = 0–3), one-vs-rest differential expression was performed with Seurat’s Wilcoxon rank-sum test (FindMarkers). P-values were Benjamini–Hochberg-adjusted; significance thresholds were FDR < 0.05 and |log2FC| ≥ 0.25. Volcano plots (x = log2FC, y = −log10(FDR)) highlighted genes as Up (log2FC ≥ 0.25), Down (log2FC ≤ −0.25), or NS. A horizontal reference line was drawn at FDR = 0.05. Gene labels were limited to at most 30 across Up and Down, ranked by FDR and |log2FC| (ties broken by mean expression).
2.4 GO enrichment analysis (BP, MF, and CC)
Overrepresentation analysis was performed with clusterProfiler (v4.x) using org.Mm.eg.db. The background (gene universe) included all genes detected in the microglial subset used for DEG testing. Enrichment was computed for BP, MF, and CC, with Benjamini–Hochberg correction (FDR < 0.05). For visualization, only the top 20 terms per ontology were displayed, ranked by FDR (tie-break by gene count) as dot plots.
2.5 Tail-like gene module scoring
 To evaluate the similarity of each cluster to previously reported axotomy-induced microglial states, we derived a “Tail module score” by z-standardizing expression values and averaging upregulated versus downregulated genes reported in Tay et al. (2018) [9]. Module scores were compared across clusters and groups using violin plots. Directional concordance was evaluated using Spearman’s correlation.
2.6 Annotation of homeostatic, IRM, and DAM-like microglial states
Cluster annotation was performed by DEG analysis (FindMarkers; Wilcoxon test; adjusted p < 0.05; |log2FC| ≥ 0.25) and comparison with previously defined microglial transcriptional programs in neurodegenerative disease models, including homeostatic microglia (HM), interferon response microglia (IRM), and disease-associated microglia (DAM) [10]. Marker gene expression was visualized using dot plots, and the functional enrichment of cluster-specific DEGs was evaluated by gene set enrichment analysis (fgsea v1.32.4) using curated HM/IRM/DAM gene sets derived from Alzheimer’s disease mouse models.
2.7 Trajectory inference and pseudotime analysis
Microglia were analyzed in a Seurat object that contained group labels (Iba1+/+-sham, Iba1+/+-axotomy, Iba1-/--sham, and Iba1-/--axotomy) and four microglial clusters. Group labels were standardized to the abovementioned four levels, and cluster labels were harmonized to C0–C3 prior to analysis. When UMAP coordinates were not present, we recomputed them using the standard Seurat workflow on the RNA assay: NormalizeData → FindVariableFeatures → ScaleData → PCA (top 30 PCs) → UMAP (dims 1–30; default parameters).
The Seurat object was converted to SingleCellExperiment and the UMAP embedding was passed to slingshot (Bioconductor) with the microglial cluster factor (cluster C = C0–C3) as clusterLabels. We fixed C0 as the root (start.clus = "C0") and enabled reweight = TRUE and reassign = TRUE. No endpoints were pre-specified, and slingshot fitted simultaneous principal curves to return lineage assignments and pseudotime values per cell.
Visualization consisted of UMAP scatterplots colored either by cluster or group, with slingshot principal curves overlaid and arrowheads at lineage termini. For each lineage, cells belonging to that lineage (finite pseudotime) were plotted using a pseudotime color scale.
For statistics, per-lineage pseudotime distributions were compared across the four groups using the Kruskal–Wallis test, followed, when appropriate, by pairwise Wilcoxon rank-sum tests with Benjamini–Hochberg correction (FDR). To summarize the effect size, we reported the median pseudotime and its shift versus Iba1+/+sham in each lineage. In addition, per-cell pseudotime values were min–max-scaled across lineages to assign a “winner-lineage” (lineage with the maximum scaled pseudotime). Group-wise counts and percentages of winner-lineages and coverage (fraction of cells with finite pseudotime per lineage) were tabulated and visualized as bar charts.
All analyses were performed in R 4.4.3 with Seurat v4.x, SingleCellExperiment, slingshot, and tidyverse (dplyr, tidyr, readr, tibble, ggplot2, viridis, stringr). Default parameters were used unless otherwise specified.
2.8 NicheNet analysis (Microglia → motoneuron)
2.8.1   Design and contrasts.
We modeled microglia→motoneuron communication with NicheNet for two contrasts analyzed separately: Iba1-/--axotomy vs. Iba1-/--sham and Iba1+/+-axotomy vs. Iba1+/+-sham.
2.8.2 Receiver-side DEG set.
Motoneurons (ChAT⁺ neurons) for each contrast were subset in Seurat and tested with FindMarkers (Wilcoxon). Receiver-upregulated genes were defined by adjusted p < 0.05 and log₂FC > 0.15 (min.pct = 0.05, logfc.threshold = 0.1). The background universe comprised receiver genes expressed in ≥5% of ChAT⁺ cells.
2.8.3 Expression-constrained ligand-receptor (LR) prior and orthology.
LR pairs from the NicheNet prior were restricted to ligands expressed in microglia and receptors expressed in ChAT⁺ neurons (each in ≥5% of cells). Because bundled priors use human symbols, we harmonized LR tables and the ligand–target matrix to mouse symbols via babelgene::orthologs(), aggregating many-to-one mappings by summation.
2.8.4 Ligand activity and selection.
Candidate ligands were present in both the filtered LR prior and ligand–target matrix. We computed per-ligand activity with NicheNet’s get_ligand_activities (area under the precision-recall curve [AUPR] against the receiver-upregulated set, controlling for the expressed background) and ranked them by corrected AUPR. For interpretation, the top-ranked ligands (up to 30 per contrast) and their top 100 predicted targets were retrieved from the ligand–target matrix.
2.8.5 Summarization to LR edges.
Per ligand, target weights were summed to obtain a “sumscore” and distributed to the expressed receptor partners of the ligand in the filtered LR table, yielding a compact LR network that reflects both ligand influence and receptor availability.
2.9 Dot-plot visualization of canonical markers (clusters unlabeled)
Single-nucleus RNA-seq count matrices (10x Genomics, raw_feature_bc_matrix.h5) were processed in R (Seurat). A Seurat object was created and normalized using LogNormalize, and highly variable features were selected (vst; 3,000 genes).
For marker-based visualization, we used transmitter-type and non-neuronal markers described in the reference study [11]. Neuronal markers included GABAergic (Gad1, Gad2), glutamatergic (Slc17a6, Slc17a7, Slc17a8), glycinergic (Slc6a5, Slc7a8), cholinergic (Chat, Slc5a7, Ache), serotonergic (Slc6a4, Fev), dopaminergic (Th, Slc18a2; optionally Ddc), and noradrenergic (Slc6a2, Th) markers. Non-neuronal markers included astrocyte (Aldh1a1), microglia (Ctss, Tmem119), oligodendrocyte (Mbp), oligodendrocyte precursor cell (Vcan), ependymal (Ccdc170), endothelial (Cldn5), pericyte (Pdgfrb), fibroblast (Col8a1), and choroid plexus (Ttr) markers. Only genes present in the dataset were retained to avoid zero-only rows.
Dot plots were generated with Seurat’s DotPlot, grouping cells by GraphClust (clusters 1–27 on the x-axis) and displaying markers on the y-axis (neuronal markers followed by non-neuronal markers). Dot size encodes the percentage of nuclei expressing each gene and color encodes the scaled mean expression (gene-wise z-scored within the plot). For visual guidance, a dashed horizontal separator was placed between the neuronal and nonneuronal marker blocks. 
2.10 Software.
Analyses were performed in R using Seurat and NicheNet, with auxiliary packages babelgene, ggplot2, ggrepel, ggalluvial, circlize, and networkD3.
3. Quantification of GABRA1 in ChAT⁺ motoneurons 7 days after axotomy
In the facial motor nucleus 7 days after axotomy, ChAT⁺ motoneurons were identified on the ChAT channel. For each neuron, we manually traced the cell boundary while visualizing the ChAT signal and generated two regions of interest (ROIs) in ImageJ: (i) a cytoplasmic ROI defined as the interior of the traced soma and (ii) a membrane ROI defined as a concentric annulus with a fixed width of 3 µm surrounding the cytoplasmic ROI. Mice (Iba1+/+ and Iba1-/-) were analyzed with n = 4 animals per genotype, and 60 axotomized-side cells were evaluated. For each ROI, GABRA1 (α1 subunit) fluorescence intensity was computed as the mean gray value after subtraction of off-tissue background measured from the same section. Three outcome metrics were derived per cell: (1) total perisomatic signal (membrane + cytoplasm), (2) membrane-to-cytoplasm ratio, and (3) a normalized ratio calculated by dividing each axotomized-side value by the contralateral-side mean of the same animal (reported as “axotomized-side / contralateral-side mean”). ROI creation and intensity measurements were performed using ImageJ software (Fiji).
4. Quantification of VGLUT1 and RET in ChAT⁺ motoneurons 7 days after axotomy
Seven days after axotomy, a circular ROI of fixed diameter (37.88 µm) was placed on the ChAT channel such that each ROI encompassed a ChAT⁺ motoneuron soma within the facial motor nucleus. For VGLUT1, three mice per genotype (Iba1+/+ and Iba1-/-) were examined, and 45 axotomized-side cells were evaluated. For RET, four mice per genotype were examined, and 80 axotomized-side cells were evaluated. For each ROI, the mean fluorescence intensity of VGLUT1 or RET was calculated after subtracting off-tissue background from the same image. As the primary normalized outcome, each axotomized-side cell value was divided by the contralateral-side mean for the corresponding animal (“axotomized-side / contralateral-side mean”). All ROI placements and intensity quantification were conducted using ImageJ software (Fiji).
Statistical analysis. Data are presented as mean ± SD. For comparisons among four groups (contralateral-side in Iba1+/+, axotomized-side in Iba1+/+, contralateral-side in Iba1-/-, and axotomized-side in Iba1-/-), statistical significance was assessed using the Kruskal–Wallis test followed by Dunn’s multiple-comparisons post hoc test. For two-group comparisons of normalized ratios (“axotomized-side / contralateral-side mean”), two-tailed Mann–Whitney U tests were used. 
5. Bone histomorphometry
Distal femora were harvested from mice and processed for static and dynamic bone histomorphometry on undecalcified plastic sections. Specimens were embedded in glycol methacrylate, sectioned at 3 µm on a rotary microtome, and stained with toluidine blue (pH 9) for structural and cellular assessments. Fluorochrome labels were visualized under epifluorescence.
For dynamic labeling, calcein was administered subcutaneously twice—8 and 2 days before euthanasia—yielding a 6-day inter-label interval. Histomorphometric measurements were performed on the secondary cancellous bone of the distal femoral metaphysis. The ROI was defined by placing a reference line 0.30 mm proximal to the center of the growth-plate cartilage (thus excluding the first 0.30 mm immediately proximal to the growth plate) and extending 1.09 mm proximally within the trabecular compartment. The bone marrow space within 0.15 mm of the cortical shell was excluded from the analysis.
All measurements were performed using the HistometryRT CAMERA system (System Supply Co., Japan) at 400× magnification. Standardized histomorphometric parameters were quantified according to established nomenclature: TV (tissue volume), BV/TV (bone volume/tissue volume), Tb.Th (trabecular thickness), Tb.N (trabecular number), Tb.Sp (trabecular separation), OV/BV (osteoid volume/bone volume), OS/BS (osteoid surface/bone surface), O.Th (osteoid thickness), Ob.S/BS (osteoblast surface/bone surface), ES/BS (eroded surface/bone surface), N.Oc/B.Pm (osteoclast number/bone perimeter), Oc.S/BS (osteoclast surface/bone surface), MAR (mineral apposition rate), MS/BS (mineralizing surface/bone surface), BFR/BS (bone formation rate/bone surface), dLS/BS (double-labeled surface/bone surface), and sLS/BS (single-labeled surface/bone surface).
Dynamic indices were calculated as follows: MAR, the mean inter-label distance on double-labeled surfaces divided by the 6-day interval; MS/BS, the sum of double- and single-labeled surface fractions; and BFR/BS was computed as MAR × (MS/BS). All fields were sampled strictly within the predefined ROI, and section integrity, label clarity, and analysis thresholds were verified prior to batch measurements for consistency. Dual-energy X-ray absorptiometry was not performed in this study.
6. Quantification of GFAP in the facial motor nucleus 28 days after axotomy
At 28 days after axotomy, the sections were immunolabeled for ChAT and GFAP. The facial motor nucleus was delineated as a single anatomical ROI per hemisection, and the mean GFAP fluorescence intensity within this ROI was recorded. The groups comprised Iba1+/+ (n = 6 mice) and Iba1-/- (n = 8 mice). The intensities were background-subtracted using off-tissue regions from the same section prior to analysis.
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