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S1 Details on the sensitivity analysis

S1.1 Literature-derived perturbation range

The parameter perturbation range used in the global sensitivity analysis was selected based on
quantitative sex differences reported in the literature reviewed in Section 1.2. For studies reporting
physiological outcomes numerically, or from which approximate values could be extracted from
published figures, the relative difference between female and male measurements was calculated as

F—-—M
Relative difference (%) = 7 100,

where ' and M denote the female and male values, respectively. The reported differences covered
a wide range depending on the biological process investigated, but yielded a mean absolute difference
of 44.5%. Consequently, a symmetric perturbation interval of £50% around the baseline parameter
values was considered representative of biologically plausible parameter variation while remaining
sufficiently broad to capture global sensitivity effects. Table S1 summarizes the literature-derived
estimates used to support the selected perturbation range.

Note that the values reported in Table S1 correspond to experimentally measured physiolog-
ical outcomes (e.g. tissue fractions, cell numbers, or cytokine concentrations) rather than direct
estimates of model parameter values (e.g. cellular proliferation, differentiation, or apoptosis rates).
These measurements were collected from studies investigating different biological processes, exper-
imental conditions, outcome variables, and (post-fracture) time points. Consequently, they do not
constitute a consistent dataset from which sex-specific parameter values can be inferred directly.
Nevertheless, they provide a useful indication of the magnitude of sex differences reported across
processes relevant to fracture healing.

S1.2 Convergence study

To ensure numerical convergence of the Sobol sensitivity indices, the sensitivity analysis was re-
peated for increasing sample sizes

N = {2627 28 29 210 2l 912 9131 — 164 128,256, 512, 1024, 2048, 4096, 8192}.



Table S1: Literature-derived quantitative sex differences used to define the perturbation range for
the sensitivity analyses. Relative differences were calculated as (F' — M)/M x 100, where F' and M
denote the female and male values, respectively.

Study Biological process Male Female Relative difference
MSC activation after LPS stimulation 2200 800 -64%
Crisostomo et al., 2007 [4] MSC activation after hypoxia 130 84 -35%
MSC apoptosis after hypoxia 2.50 1.25 -50%
MSC number in femur 1.05 0.08 -92%
MSC number in tibia 0.48 0.03 -94%
Strube et al., 2009 [20] Osteogenic differentiation 1.20 0.82 -32%
MSC proliferation 4.5 %10 3.3 x 10® -27%
MSC senescence 14.1% 10% -29%
Katsara et al., 2011 [7] Growth potential of mMSCs 23% 15% -35%
MO macrophages 185 175 -5%
Ueno et al., 2011 [23] M1 macrophages 55 30 -45%
M2 macrophages 55 30 -45%
Bone fraction (10 days) 17% 20% +18%
Fibrous tissue fraction (10 days) 42% 56% +33%
Haffner-Luntzer et al., 2021 [ Cartilage f.raction (10 days) 40% 24% -40%
Bone fraction (21 days) 45% 45% 0%
Fibrous tissue fraction (21 days) 52% 52% 0%
Cartilage fraction (21 days) 0.45% 0.15% -67%
Andrew et al., 2022 [2] mSSC numbers after fracture 6000 4500 -25%
BCSP numbers after fracture 5800 4400 -24%
Molitoris t al., 2024 [14] M1 macrophages %n bone 9% 3% -67%
M2 macrophages in bone 0.95% 0.60% -37%
Mean absolute difference 44.5%

Abbreviations: MSC, mesenchymal stromal cell; mMSC, mouse mesenchymal stromal cell; mSSC, mouse skeletal
stem cell; BCSP, bone-cartilage-stromal progenitor cell. Units: Values are reported in the original units of the
corresponding publication.

Powers of two were selected following standard recommendations for quasi-random Sobol sam-
pling [18]. For each sample size, first-order (.S;) and total-effect (S7.) indices were computed for
all parameters and output metrics. The first-order index measures the fraction of output variance
explained by variations in parameter X; alone, averaged over the uncertainty in all other parameters,

_ Va’rXi(EXNi [Y | Xl])
Var(Y) ’

where Y denotes the model output. The total-effect index quantifies the overall contribution of
parameter X;, including all interaction effects with other parameters,

Si

Vary_, (Ex,[Y | X.i))
Sr,=1-—
Var(Y)
where X_; denotes the set of all model parameters except X;.
Convergence was assessed by comparing the total-effect indices obtained for consecutive values
of N. As the sample size increased, the total-effect indices approached stable values, indicating




convergence. The resulting convergence profiles are shown in Figs. S1-S2 and Figs. S3-S4, which
group outputs according to metric type (peak value and time-to-peak), as convergence behavior
differed between the two metric types.

Convergence was achieved for most outputs at N = 2'2 = 4096, while the time-to-peak of
SSPCs (Cs; first row, left panel of Fig. S4) and osteoblasts (Cy; first row, right panel of Fig. S4)
required one additional sampling level to stabilize. Although small residual variations remain in
a limited number of sensitivity indices, the parameter ranking does not change, indicating that
the sensitivity patterns had stabilized. Consequently, N = 2!3 = 8192 was selected for the final
sensitivity analysis to ensure convergence of all fifteen output metrics. Given the D = 37 model
parameters, this corresponded to N (D + 2) = 8192 x (37 + 2) = 319488 model evaluations.

S1.3 Results of the global sensitivity analysis (N = 8192)

To facilitate comparison across outputs, the results are presented using complementary visualiza-
tions. Three-bar plots are used to visualize first-order effects (S;), total effects (Sr,), and interac-
tion contributions (S, — S;) for each output metric. These are grouped into inflammation-related
(Figs. S5-S6) and repair-related (Figs. S7-S8) outputs, illustrating common sensitivity patterns
within biological phases. Tables are used to summarize the most influential parameters. Only pa-
rameters contributing more than 10% of the total variance of a given output metric (Sz, > 0.1) are
included here. These are presented according to output type, namely peak value (Table S2) and
time-to-peak (Table S3), showcasing the different direct- and interaction-driven sensitivity patterns
underlying each metric. Both figures and tables rank parameters for each output according to their
total-effect index (Sr;) and highlight the independently defined sex-specific parameters. In the ta-
bles, for parameters highlighted in blue more than 50% of their total effect arises from interaction
effects, that is:

Sy, — 5;
S,

[

Interaction fraction = > 0.5

The resulting figures and tables are presented below.



Total-order index ST,

Total-order index ST,

Convergence study to define the number of Sobol samples (1/4): peak outputs

STI convergence: M1 peak

09
0.8
07
Pre-——e\n —
0.6 —e— k01
—O— kmax
—6—ad1
o5l —o—ki2
: —6—ki2
—o—do
—&— kel
0.4~ k21
ke2
0.3
0.2
f—f— £ & 23
0.1
0 4
1000 2000 3000 4000 5000 6000 7000 800D
Base sample size N
STi convergence: ¢1 peak
1
09
0.8
0.7
—e—dct
0.6 [~ —&— k0
—e—al2
—&—k3
05 o a2
) —&—kps
O aps
~—— aps1
0.4 - k2
3]
03
0.2
0.1
ot . = L s . L I L
1000 2000 3000 4000 5000 6000 7000 8000

Base sample size N
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of total-effect Sobol indices (Sz;) for inflammatory-related peak outputs.
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Figure S2: Convergence of total-effect Sobol indices (Sr,) for repair-related peak outputs.
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Figure S3: Convergence of total-effect Sobol indices (S7,) for inflammatory-related time-to-peak outputs.




Convergence study to define the number of Sobol samples (4/4): time-to-peak outputs
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Figure S4: Convergence of total-effect Sobol indices (St,) for repair-related time-to-peak outputs. The time-to-peak of woven bone
(my,) was excluded because its maximum was always reached at the final simulation time point.



Table S2: Most influential parameters for peak-value outputs ranked by total-effect Sobol index
(St;). The interaction contribution was computed as Sy, — S;. Subtractions may not be exact
due to rounding. Bold face indicates the parameter is sex-specific, while blue is used to highlight
parameters for which more than 50% of the total effect arises from interactions.

Output Parameter Description S; St, Interaction
M nax Maximal macrophage density 0.609 0.643 0.034
M, ko1 Activation rate of My to M, 0.133 0.140 0.007
Kmaz Maximal macrophage migration rate 0.106 0.127 0.022
Mnax Maximal macrophage density 0.347 0.377 0.030
M,y kia Transition rate from M; to M, 0.283 0.304 0.021
ds Apoptosis rate of My 0.189 0.201 0.012
. de, Decay rate of ¢; 0.506 0.560 0.054
! ko Secretion rate of ¢; by debris 0.437 0.490 0.053
Kps C; proliferation rate 0.242 0.309 0.067
Co Aps Effectiveness of ¢; inhibition of C; proliferation 0.155 0.193 0.038
de, Decay rate of ¢; 0.085 0.113 0.027
Kps C, proliferation rate 0.249 0.319 0.070
C Aps Effectiveness of ¢; inhibition of C; proliferation 0.176 0.233 0.057
de, Decay rate of ¢; 0.093 0.132 0.038
Kps C, proliferation rate 0.284 0.377 0.093
o Aps Effectiveness of ¢; inhibition of C; proliferation 0.116 0.163 0.047
b kb Maximal C}, density 0.082 0.117 0.035
dp Differentiation rate of C} into osteocytes 0.095 0.116 0.021
Des Fibrocartilage synthesis rate 0.275 0.333 0.058
m Qedy Fibrocartilage degradation rate 0.190 0.264 0.073
I Kps C, proliferation rate 0.114 0.207 0.093
ps Effectiveness of ¢; inhibition of C proliferation 0.055 0.102 0.047
Qbd Woven bone degradation rate 0.277 0.375 0.098
Dbs Woven bone synthesis rate 0.265 0.346 0.081
e Kpb C, proliferation rate 0.118 0.257  0.140
dp Differentiation rate of Cj into osteocytes 0.062 0.204 0.142




Table S3: Most influential parameters for time-to-peak outputs ranked by total-order Sobol index
(ST;). The interaction contribution was computed as S, — S;. Subtractions may not be exact
due to rounding. Bold face indicates the parameter is sex-specific, while blue is used to highlight
parameters for which more than 50% of the total effect arises from interactions.

Output Parameter Description Si St, Interaction
ko1 Activation rate of My to M, 0.437 0.464 0.027
M, Kna Maximal macrophage migration rate 0.232 0.249 0.017
ki Transition rate from M; to My 0.103 0.117 0.014
Max Maximal macrophage density 0.213 0.244 0.031
M do Apoptosis rate of M, 0.228 0.238 0.010
2 Ke, Debris removal rate by M; 0.183 0.203 0.020
koo Activation rate of My to M, 0.116 0.133 0.017
. de, Decay rate of ¢; 0.648 0.748 0.100
! kg Secretion rate of ¢; by debris 0.137 0.225 0.088
ko Secretion rate of ¢; by debris 0.084 0.570 0.486
Ups Effectiveness of ¢; inhibition of C§ proliferation  0.264 0.351 0.087
Co de Differentiation rate of C, into Cj, 0.095 0.189 0.095
Kps C, proliferation rate 0.037 0.177 0.140
Ups, Constant enhancement of ¢; to C, proliferation 0.084 0.134 0.050
de, Decay rate of ¢y 0.031 0.869 0.837
Qsp, Effectiveness of ¢; inhibition of C differentiation 0.062 0.833 0.771
a9 Effectiveness of ¢y inhibition of ¢; synthesis 0.074 0.379 0.305
c ko Secretion rate of ¢; by debris 0.039 0.367 0.328
s d, Differentiation rate of C, into C, 0.152 0.339 0.187
Aps Effectiveness of ¢; inhibition of C'y proliferation 0.165 0.290 0.125
Kps C, proliferation rate 0.000 0.203 0.203
Aps, Constant enhancement of ¢; to C, proliferation 0.074 0.143 0.069
Kps C, proliferation rate 0.215 0.655 0.440
Aps Effectiveness of ¢; inhibition of 'y proliferation 0.047 0.344 0.297
dp Differentiation rate of ' into osteocytes 0.026 0.322 0.296
kpb Cy, proliferation rate 0.024 0.322 0.297
de, Decay rate of ¢; 0.021 0.257 0.236
c ds Differentiation rate of C, into Cj, 0.029 0.253 0.223
b Aps, Constant enhancement of ¢; to Cy proliferation 0.020 0.196 0.176
aiy Effectiveness of ¢y inhibition of ¢; synthesis 0.005 0.148 0.143
ko Secretion rate of ¢; by debris 0.017 0.145 0.128
Kip Maximal C, density 0.014 0.122 0.108
de, Decay rate of c, 0.000 0.106 0.105
ke, Debris removal rate by M; 0.000 0.105 0.105
Kps C, proliferation rate 0.333 0.401 0.068
my Aps Effectiveness of ¢; inhibition of C'; proliferation 0.283 0.332 0.048
Ups, Constant enhancement of ¢; to Cy proliferation 0.105 0.124 0.019
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Results of the variance-based global sensitivity analysis (1/4): inflammation-related outputs

Sobol indices: M1 time-to-peak (N = 8192)
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Figure S5: Results of the global sensitivity analysis for inflammatory-related outputs M; and M,. Left: peak-value metric, right:
time-to-peak metric. Blue bar: first-order effects (.S;), red bar: total effects (Sr,), yellow bar: interaction effects (St, — S;). Sex-

specific parameters are indicated in the x-axis.
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Results of the variance-based global sensitivity analysis (2/4): inflammation-related outputs

Sobol indices: ¢1 peak (N = 8192) Sobol indices: ¢1 time-to-peak (N = 8192)
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Figure S6: Results of the global sensitivity analysis for inflammatory-related outputs ¢; and co. Left: peak-value metric, right:
time-to-peak metric. Blue bar: first-order effects (.S;), red bar: total effects (Sr,), yellow bar: interaction effects (S, — S;). Sex-
specific parameters are indicated in the x-axis.
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Results of the variance-based

Sobol indices: Cs peak (N = 8192)

global sensitivity analysis (3/4): repair-related outputs
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Figure S7: Results of the global sensitivity analysis for
peak metric. Blue bar: first-order effects (S;), red bar:
parameters are indicated in the x-axis.

repair-related outputs C and Cy. Left: peak-value metric, right: time-to-
total effects (Sr,), yellow bar: interaction effects (St

— S;). Sex-specific
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Results of the variance-based global sensitivity analysis (3/4): repair-related outputs

Sobol indices: Cs peak (N = 8192)

Sobol indices: Cs time-to-peak (N = 8192)
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Figure S8: Results of the global sensitivity analysis

for

repair-related outputs m; and m;. Left: peak-value metric, right: time-

to-peak metric. Blue bar: first-order effects (.5;), red bar: total effects (Sz,), yellow bar: interaction effects (S, —.S;). Sex-specific
parameters are indicated in the x-axis. The time-to-peak of woven bone (m;) was excluded because its maximum was always

reached at the final simulation time point.



S2 Details on the literature-guided sex-specific parameter-
ization

S2.1 Literature evaluation of model parameters

Each model parameter was evaluated against the literature review presented in Section 1.3 to
determine whether these sex differences could be represented through sex-specific parameter values.
Table S2.1 summarizes the outcome of this assessment. Parameters were classified according to
whether sex-specific evidence was available and used (U; 13 parameters), available but nor directly
applicable to the model formulation (A; 1 parameter), contradictory (C; 3 parameters), available
only for related cell types (O; 4 parameters), non-available (N; 7 parameters), or non-available due
to the model-specific nature of the parameter (M; 9 parameters). Note that the study by Haffner-
Luntzer et al. [6] was used as an independent dataset for model validation and was therefore not
considered when deriving sex-specific parameter values.

Not all identified sex differences were incorporated into the model. Parameters were left un-
changed when the available evidence was contradictory (e.g. woven bone synthesis; pys), indirect
(e.g. macrophage apoptosis inferred from SSPC apoptosis; dy, d; and dz), or could not be directly
translated into the model structure (e.g. fibrocartilage synthesis; p.s). Model-specific parameters
such as regulatory thresholds and half-saturation constants also remained unchanged because no
direct biological measurements could be mapped to them.

S2.2 Calibration of modification magnitudes

The literature review provided information on the direction of the sex-specific differences (higher or
lower in females). Although quantitative sex differences were available for some physiological out-
comes, these measurements did not provide direct estimates of the corresponding model parameter
values. Consequently, the magnitude of the sex-specific parameter modifications was determined
through model calibration.

A first calibration step applied a uniform perturbation of +50% to all sex-specific parameters.
This perturbation magnitude was selected because it corresponds to the parameter range explored
in the global sensitivity analysis. However, the resulting repair-phase dynamics exhibited unrealistic
behavior, including prolonged persistence of SSPCs and fibrocartilage (see Fig. S9, top row).

A second calibration step applied a uniform perturbation of +25% to all sex-specific parameters.
This produced more realistic repair dynamics, but the resulting SSPC trajectories were inconsistent
with the literature evidence indicating lower SSPC numbers in females (see Fig. S9, middle row).

The final calibration therefore combined £50% modifications for parameters associated with
inflammation and macrophage-SSPC crosstalk and +25% modifications for repair-related parame-
ters. This configuration preserved the literature-supported direction of the reported sex differences
while maintaining physiologically plausible healing trajectories (see Fig. S9, bottom row).
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Table S4: Literature data that motivated the sex-specific parameterization.

Par. Description Evidence for sex differences

ke,  Debris removal rate by M; (U) Enhanced phagocytosis in females [15, 9, 17]

ke,  Debris removal rate by My (U) Same as k.,

aeq  Half-saturation of debris (M)

kmaz Maximal macrophage migration rate (N)

M4 Maximal macrophage density (U) Increased numbers of macrophages in females [15, 3, 17]

ko1 Activation rate of My to M; (U) Higher macrophage activation rates in females [9, 3, 19]

koo Activation rate of My to My (U) Same as ko1

apy  Half-saturation of ¢; to activate M; (M)

ag2  Half-saturation of ¢y to activate My (M)

k1o Transition rate from M7 to My (C) Not clear whether macrophage polarization is sex-
dependent [14, 15]

ko1 Transition rate from M, to M; (C) Same as ki

do Apoptosis rate of My (O) No data for macrophage apoptosis, but SSPC apoptosis
was reported higher in female mice [4]

dy Apoptosis rate of M; (O) Same as dy

doy Apoptosis rate of My (O) Same as dg

ko Secretion rate of ¢; by debris (N)

k1 Secretion rate of ¢; by M; (U) Greater production of pro-inflammatory cytokines in
males [14, 16, 15, 1, 9, 3, 8, 4]

ko Secretion rate of co by My (U) Greater production of anti-inflammatory cytokines in
females [14, 16, 15, 1, 9, 3, 8, 4]

ks Secretion rate of co by Cj (U) Higher SSPC immunosuppressive capacity in women
[12, 11], and little to no differences in mice [7, 21]

de,  Decay rate of ¢; (N)

de,  Decay rate of co (N)

a12  Effectiveness of ¢ inhibition of ¢; synthesis (M)

age  Effectiveness of ¢y inhibition of ¢y synthesis (M)

aps  Effectiveness of ¢; inhibition of C, proliferation (M)

asp, Effectiveness of ¢; inhibition of Cy different. (M)

apy  Effectiveness of ¢; inhibition of Cy, proliferation (M)

aps, Constant enhancement of ¢; to C, proliferation (M)

kps  Cs proliferation rate (U) Higher SSPC proliferation rate in women [11] and fe-
male mice [24], but lower in female rats [20]

kis  Maximal SSPC density (U) Higher numbers of activated SSPCs in male rodents
15, 11, 7, 20]

ds Differentiation rate of Cj into Cj (U) Male mice showed greater differentiation potential
across multiple lineages [22, 15, 11, 7, 20, 24, 13]

kp,  Cp proliferation rate (U) Murine female osteoblasts increased in number due to
a higher expression of RANKL and OPG [10, 3]

ki Maximal C} density (U) Adapted consistently with &,

dp Differentiation rate of Cj into osteocytes (O) No data for osteoblast differentiation, but male mice
SSPC showed greater differentiation potential across mul-
tiple lineages [22, 15, 11, 7, 20, 24, 13]

pes  Fibrocartilage synthesis rate (A) Greater cartilage formation reported in male-derived
SSPC organoids [5], but model combines cartilage and fi-
brous tissue into a single fibrocartilage compartment

ged, Fibrocartilage degradation rate (N)

Ged, Fibrocartilage degradation rate by osteoclasts (N)

prs  Woven bone synthesis rate (C) Greater bone formation was reported in male mice [10,
13], but also in female mice [15]

gva  Woven bone degradation rate (N)

(U) Sex-specific data available and used. (A) Sex-specific data available but not directly applicable to the model.
(C) Contradictory data. (O) No sex-specific data, but evidence available for other cell types. (N) No sex-specific
data. (M) No direct data due to model-specific parameter.
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Figure S9: Calibration of sex-specific model parameters.
Middle row: uniform 425% modification.

applied to all sex-specific parameters.

Top row: uniform 450% modification

Bottom

row:

combined £50% (inflammation-related parameters) and £25% (repair-related parameters) modifi-

cations.
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S3 Sensitivity of initial conditions

Local sensitivity analyses were conducted to evaluate the influence of uncertainty in the non-zero
initial conditions on the simulation outcomes of both the male and female models. The four
non-zero initial conditions in the model, namely debris (D), unactivated macrophages (My), pro-
inflammatory cytokines (c;), and SSPCs (Cs), were analyzed by scaling their reference values (Ta-
ble 2) to 10%, 50%, 150%, and 1000%, thereby assessing the robustness of model predictions to
uncertainty in the initial fracture environment.

The results show that changes in the initial conditions do not alter the final bone healing
outcome, which remains successful regardless of deviations from the reference values for any of the
initial conditions in both the male and female models. However, the changes in initial conditions
influence the dynamics and time course of the model outcomes. Specifically, both models show
robustness (variations < 5%) to small and large changes in the initial conditions of unactivated
macrophages and pro-inflammatory cytokines, meaning these initial conditions have only a minor
effect on the model dynamics and do not significantly impact the healing process. Therefore, the
corresponding figures are omitted for brevity.

In contrast, the initial conditions for debris and SSPCs did affect the simulation outcomes.
Due to the mathematical formulation of the model, changes in the SSPC initial conditions do not
directly affect the first four variables: that is, debris and macrophage populations (M, M;, and
M,) are not affected by SSPCs. Nevertheless, changes in the SSPC initial conditions influence
the dynamics of the remaining outputs, although with limited impact. For small deviations in
SSPC initial conditions, the model outcomes showed robustness (variations < 10%), except for the
SSPCs population itself, which was moderately impacted, as shown in Figs. S10 and S11. For large
deviations, the SSPC initial conditions had a more pronounced effect, particularly on the SSPCs
population, where variations exceeded 50%. Despite this, the bone healing outcome remained
unaffected.

Finally, the initial debris density exhibited a more pronounced effect on all simulation outcomes
for both male and female models, excluding the bone formation predictions. Both small and large
changes in the initial conditions of debris led to notable deviations from the corresponding baseline
simulation outcomes. The inflammatory response, illustrated in Fig. S12, became more prolonged
with amplified peaks and extended plateau phases for larger changes (1000%), particularly in the
male model. Smaller changes showed trends similar to the reference outcomes, with the inflam-
matory response downregulating at similar times. Regarding the repair response, illustrated in
Fig. S13, larger changes in the initial debris density (1000%) resulted in prolonged activation of
SSPCs and osteoblasts. In the male model, a 1000% increase in debris density led to a longer activa-
tion of SSPCs and a more prominent fibrocartilage peak, while osteoblast activation was delayed for
the 1000% increase and showed no peak for smaller values of debris initial condition. However, all
curves ultimately converged to the same final state as the reference. In the female model, a similar
but more subtle effect was observed: a 1000% increase in debris density resulted in a thicker SSPC
peak compared to the reference value, but this decayed similarly to the peak resulting from smaller
initial changes, leading to similar fibrocartilage peaks across all tested debris initial conditions.
While these deviations in the repair process were notable, particularly in the timing and magnitude
of peaks and activations, the final prediction of complete bone healing remained consistent across
all variations in initial debris conditions, for both male and female models.
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Figure S10: Influence of the initial condition for SSPCs on the inflammatory phase

concentration [ng/mL]

concentration [ng/mL]

N B

density [cells/mL]

o

density [cells/mL]
N £ »

o

c1 cytokines

6 «10°

10

20 30
time [days]

40

M1 macrophages

50

x10°

(=)

10

20 30
time [days]

18

40

50

c2 cytokines

0.2

0.15

0.1

0.05

cencentration [ng/mL]

0.2
0.15
0.1

0.05

concentration [ng/mL]

0 10 20 30 40
time [days]

) «10° M2 macrophages

50

density [cells/mL]

) x10°

density [cells/mL]

0 10 20 30 40
time [days]

50



Sensitivity analysis of the initial condition for SSPCs (2/2): repair response
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Figure S11: Influence of the initial condition for SSPCs on the repair phase.
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Sensitivity analysis of the initial condition for debris (2/2): repair response
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S4 Details on the full model results

S4.1 Output metrics

Tables S5 and S6 summarize the three output metrics calculated for each model outcome and for
both male and female simulations: peak value, time-to-peak, and area under the curve (AUC).
The AUC was calculated using the MATLAB trapz () function over the full 0 to 400 post-fracture
day time range. To facilitate comparisons between the male and female models, Table S6 includes
the male-to-female and female-to-male ratios for the AUC. These values provide a quantitative
assessment of the differences in simulation outcomes between the sexes.

Additionally, we calculated the time at which bone density reaches 99% of its relative area:
post-fracture day 285.748 for males and post-fracture day 286.055 for females. We also summed the
AUCs of the three macrophage types, i.e. M = Mg+ M7 + M, to obtain the AUC of the total
macrophage population. This resulted in M, = 1.04 x 107 for males and M,,; = 1.02 x 107 for
females, yielding a male-to-female ratio of 1.01 and a female-to-male ratio of 0.99.

S4.2 Visual comparison of peak values

Fig. S14 facilitate direct visual comparison of peak values across cytokines (Fig. 6 B-C) and across
macrophage (Fig. 6 D-F) and repair cells (Fig. 6 A-B) populations.
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Table S5: Calculated peak values and times to peak for each model outcome, for both male and

female cases.

Peak value Peak day
Outcome Male Female Units | Male Female

D 5 x 107 5x 107  cells/mL | 0 0
My 3.65 x 10°  3.46 x 10° cells/mL | 1.39 1.24
M 4.86 x 10°  6.26 x 10° cells/mL | 5.08 4.2
My 1.68 x 105 1.95 x 10° cells/mL | 8.24 6.45
c1 1.8374 1.7882 ng/mL | 0.29 0.21
ca 0.1625 0.1878 ng/mL | 7.41 5.84
Cs 1.71 x 105 1.2 x 10°  cells/mL | 7.03 5.46
Cy 5.58 x 10° 5.17 x 10° cells/mL | 13.95  15.59
my 0.847 0.7769 g/mL | 9.08 9.19
my, 0.9986 0.9991 g/mL 400 400

Table S6: Calculated area under the curve (AUC) and AUC ratios for each model outcome, for
both male and female cases. The units for AUC are derived by dividing the outcome units (e.g.
cells/mL) by days, resulting in units such as cells/(mL x day). The AUC ratios correspond to M/F
(male-to-female) and F/M (female-to-male).

AUC values AUC ratios
Outcome Male Female Units M/F F/M
D 2.6 x 108  1.69 x 10° cells/(mL x days) | 1.54  0.65
My 1.75 x 105 1.24 x 10° cells/(mL x days) | 1.42 0.7
M 5.93 x 10¢  6.19 x 10 cells/(mL x days) | 0.96  1.04
M, 2.68 x 10 2.82 x 10% cells/(mL x days) | 0.95  1.05
c1 4.9274 3.0255 ng/(mL x days) 1.63  0.61
co 2.2203 3.3658 ng/(mL x days) | 0.66  1.52
Cs 1.35 x 10  1.55 x 10° cells/(mL x days) | 0.88  1.14
Cy 1.3 x10%  1.38 x 108 cells/(mL x days) | 0.94  1.07
my 16.9309  23.4925 g/(mL x days) | 0.72  1.39
my, 340.4756  343.0612  g/(mL x days) | 0.99  1.01
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Figure S14: Predicted inflammatory and repair responses for the male (blue lines) and female (red
lines) cases. The plots represent the temporal evolution of (A) debris density (D); (B) pro- (¢;) and
(C) anti-inflammatory (cy) cytokines concentration; (D) unactivated (My), (E) pro-inflammatory
(M), and (F) anti-inflammatory (Ms) macrophage density; and (G) SSPC (C), (H) osteoblasts

(Cy), (I) fibrocartilage (my), and (J) woven bone (my,) density. Note that the y-axes are different
per biological scale.
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