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AIM: Lower-limb fractures already contribute ≥5 Caprini points for venous thromboembolism (VTE) risk, limiting the ability of the
conventional >5 cutoff to discriminate individual risk within this population. We evaluated whether an admission Caprini score ≥9,
preoperative immobilization ≥72 h and severe postoperative day 1 (POD1) activity dependence are associated with in-hospital lower-
extremity deep vein thrombosis (DVT), and whether POD1 activity provides additional within-group risk stratification beyond Caprini
scoring.
METHODS: We conducted a single-center, retrospective, 1:3 matched case-control study of adults undergoing surgery for lower-limb
fractures at Ganzhou Hospital-Nanfang Hospital, Southern Medical University between January 2022 and July 2024. Of 783 patients
screened, 71 were excluded, leaving 712 in the source cohort (61 DVT cases and 651 ultrasound-negative, matchable controls). Cases and
controls were matched 1:3 without replacement by age (±5 years), sex, and fracture site, yielding 61 matched sets (244 patients). After
matching, non-matching variables were singly imputed using a random forest algorithm for the primary analysis. To assess uncertainty
associated with this approach, a separate sensitivity analysis generated 20 completed datasets from the pre-imputation matched records
using a stochastic chained-equation multiple-imputation procedure. Regression estimates across the 20 datasets were combined using
Rubin’s rules. Associations were estimated using conditional logistic regression stratified by matched set and reported as odds ratios
(ORs) with 95% confidence intervals (CIs). Incremental within-set concordance was corrected using 2000 cluster bootstrap resamples.
The primary analysis, complete-case analyses and multiple-imputation sensitivity analysis were conducted separately.
RESULTS: Matching variables were well balanced after matching, with standardized mean differences (SMD) of 0.02 for age and 0 for
sex and fracture site, although several non-matching characteristics remained imbalanced. Three factors were positively associated with
in-hospital DVT: admission Caprini≥9 (OR 2.43, 95% CI 1.28–4.61), severe POD1 activity dependence (OR 3.89, 95% CI 1.38–10.94),
and preoperative immobilization ≥72 h (OR 2.55, 95% CI 1.14–5.67). Compared with patients without any core risk features, the OR
increased to 2.81 (95% CI 1.46–5.38) among those with one feature and to 6.28 (95% CI 1.57–25.03) among those with two features.
Adding severe POD1 activity dependence to Caprini ≥9 was associated with a modest increase in corrected within-set concordance
from 0.589 to 0.633, corresponding to a difference of 0.044 (bootstrap SE 0.022, 95% CI 0.003–0.088). Sensitivity analyses generally
preserved the direction of the main associations, although the Caprini estimate was attenuated after additional adjustment for trauma-
related variables and D-dimer.
CONCLUSIONS: Admission Caprini ≥9, preoperative immobilization ≥72 h, and severe POD1 activity dependence were each asso-
ciated with in-hospital lower-extremity DVT. POD1 activity assessment was associated with a modest improvement in within-set risk
ranking beyond Caprini stratification. This finding should not be interpreted as evidence of established clinical utility or improved pa-
tient outcomes; however, it may help guide nursing attention toward prophylaxis delivery, activity support, and symptom surveillance.
Prospective multicenter studies are needed to determine its clinical relevance.
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Introduction
Fractures are a major contributor to the global trauma bur-
den; the Global Burden of Disease study estimated approx-
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imately 178 million incident fractures worldwide in 2019,
representing a marked increase from 1990 [1]. Patients
with lower-limb fractures typically undergo surgery, immo-
bilization and staged weight-bearing, during which the risk
of venous thromboembolism (VTE)-principally deep vein
thrombosis (DVT) and pulmonary embolism (PE)-persists
throughout hospitalization [2]. In the PREVENT CLOT
(Prevention of Clot in Orthopaedic Trauma) trial, which
enrolled 12,211 patients treated for fractures, DVT events
were still observed despite pharmacologic prophylaxis [3].
Moreover, the proportion of detected events varies accord-
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ing to fracture site, ultrasound screening strategy, and the
approach to prophylaxis delivery [4,5].
Thrombus formation after lower limb fracture follows the
classic Virchow triad: trauma and surgery damage the vas-
cular endothelium; delayed surgery and reduced postopera-
tive activity aggravate venous stasis; and trauma-induced
inflammation promotes coagulation activation, contribut-
ing to a hypercoagulable state [6]. Clinical pathways gener-
ally include VTE risk assessment, bleeding-risk evaluation,
mechanical or pharmacologic prophylaxis, ankle pump ex-
ercises, pain control, and early mobilization [7]. However,
a patient’s risk varies according to the changing duration
and pace of functional recovery, and identifying patients
who require close monitoring and confirmation of prophy-
laxis delivery from routine nursing records remains a prac-
tical challenge in trauma care.
The Caprini risk assessment model integrates age, body
mass index (BMI), previous VTE, malignancy, immobi-
lization, and trauma into a single framework and is widely
used for surgical risk stratification [8,9,10]. However, in
the 2013 version, a hip, pelvic or lower-extremity fracture
alone carries 5 points; therefore, a single >5-point threshold
has limited ability to distinguish risk among patients who
have already sustained a fracture. The duration of preop-
erative immobilization and activity level on postoperative
day 1 (POD1) can both be routinely recorded by specialist
nurses and reflect, respectively, activity restriction during
the preoperative waiting period and functional status during
the early postoperative phase. Transfer and mobility items
from the Barthel index can quantify early functional depen-
dence [11,12], but whether they provide additional value for
DVT risk identification after lower-limb fracture surgery re-
quires further evaluation.
We therefore undertook a single-center, 1:3 matched case-
control study and, before analysis, prespecified a Caprini
score ≥9 as the investigational high-risk threshold. We
aimed to evaluate the associations of preoperative immobi-
lization ≥72 h and severe POD1 activity dependence with
in-hospital DVT, and to determine whether POD1 activ-
ity information provides incremental risk ranking beyond
Caprini stratification. The study aimed to identify a set of
high-risk features obtainable from routine nursing indica-
tors for clinical reference, rather than to develop a model
that estimates an individual’s absolute risk.

Methods
Study Design and Participants
This single-center, retrospective, 1:3 matched case-control
study was reported in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement [13]. We enrolled adults with lower-
limb fractures who were admitted to the trauma emergency
center/department of orthopaedics at the GanzhouHospital-
Nanfang Hospital, Southern Medical University and under-
went surgery between January 2022 and July 2024.

Eligibility criteria: (1) age ≥18 years; (2) imaging-
confirmed fracture of the hip/femur, tibia/fibula or ankle/-
foot; and (3) surgical treatment.
Exclusion criteria were: (1) DVT or PE present on admis-
sion; (2) pathological fracture, including metastatic frac-
ture; (3) previous lower-limb DVT requiring therapeutic-
dose anticoagulation, or long-term therapeutic anticoagu-
lation for another indication; (4) failure to complete in-
hospital lower-extremity venous ultrasonography because
of a short hospital stay, early transfer/discharge, or other
reasons; (5) pregnancy or within 6 weeks postpartum;
(6) severe coagulopathy or hematologic disease; (7) se-
vere craniocerebral or spinal cord injury, or severe cog-
nitive impairment precluding postoperative functional as-
sessment; and (8) severe vital organ dysfunction -such as
end-stage heart failure, decompensated cirrhosis, or dialy-
sis dependence-associated with a clinical course markedly
different from that of typical trauma-surgery patients.
During the study period, 783 patients were screened, and
71 were excluded, yielding a source cohort of 712 eligi-
ble patients. Of these, 61 were DVT cases, and the re-
maining 651 ultrasound-negative patients constituted the
matching pool (Fig. 1). The study protocol was ap-
proved by Ganzhou Hospital-Nanfang Hospital, Southern
Medical University ethics committee (ethics number: TY-
ZKY2024-095-01). Since this retrospective study involved
no patient-identifiable information and ensured complete
anonymization, the ethics committee waived the require-
ment for informed consent.

Cases, Controls and Matching
A case was defined as a new DVT first confirmed by lower-
extremity venous compression ultrasonography or color
Doppler ultrasonography between the index operation and
discharge. Controls were selected from the same source co-
hort and had negative in-hospital ultrasound results. Match-
ing was performed independently by investigators not in-
volved in outcome assessment: each case was matched
with 3 controls by age (±5 years), identical sex and iden-
tical fracture site. Age, sex and fracture site were selected
as matching variables because they represent core demo-
graphic and injury characteristics that are reliably available
before surgery. In contrast, D-dimer, time to surgery, and
surgery-related indices may reflect subsequent clinical sta-
tus or lie on the exposure-outcome pathway; therefore, they
were not used for matching. Ultimately, all 61 cases were
successfully matched to 3 controls, resulting in 61 complete
1:3 matched sets (244 patients) with no incomplete sets. No
matching variables had missing data, and all missing data
handling was performed only after matching and applied
exclusively to non-matching variables.

DVT Screening and Outcome Ascertainment
The departmental protocol scheduled one routine bilat-
eral lower-extremity venous duplex ultrasonographic ex-
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Fig. 1. Study selection, 1:3 matching and post-match analysis flow. DVT, deep vein thrombosis; PE, pulmonary embolism; CNS,
central nervous system.

amination during POD1–5. The examination could be de-
ferred to POD6–7 because of scheduling constraints, clin-
ical instability or patient-related reasons, whereas addi-
tional or earlier examination could be requested for pro-
gressive swelling, pain or other suspected manifestations
of DVT. All examinations were performed and reported by
physicians from the Department of Ultrasonography who
held relevant professional qualifications and had completed
standardized departmental training in vascular ultrasonog-
raphy. Using B-mode compression combined with color
and spectral Doppler, both lower extremities were exam-
ined from the common femoral vein through the femoral
and popliteal veins to the posterior tibial, peroneal and
calf muscular veins. DVT was considered present when
any deep venous segment was partially or completely non-
compressible; direct visualization of intraluminal throm-
bus, a color-flow filling defect, or reduced color flow was
considered supporting evidence. Thrombus involving the
popliteal vein or any more proximal venous segment was
classified as proximal DVT, whereas thrombosis confined
to veins below the popliteal vein was classified as distal
DVT. For each participant, we extracted the postoperative

day and clinical indication of the first documented exam-
ination used for outcome ascertainment. All included pa-
tients completed at least one in-hospital examination; re-
peat examinations beyond the first were not systematically
captured and were therefore excluded from timing compar-
isons. Because examinations were performed as part of rou-
tine clinical care, operators and reporting physicians were
aware of the clinical indication and availablemedical record
information and were not formally blinded. However, the
study-specific Caprini score and POD1 activity variables
were generated retrospectively and were not provided to
the ultrasound team as research variables. DVT status and
anatomical classification were abstracted from finalized ul-
trasound reports without independent reinterpretation of
source images by the study investigators. Symptomatic
DVT required both documented symptoms and imaging ev-
idence, and suspected PE was further evaluated using com-
puted tomography pulmonary angiography (CTPA). Diag-
nosis and treatment followed relevant guidelines and de-
partmental protocols [14,15]. The primary outcome was
new lower-extremity DVT first confirmed between the in-
dex operation and discharge.
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Exposures, Nursing Variables and Covariates
For Caprini scoring, we included only items present at ad-
mission or before surgery: lower-limb fracture, age, BMI,
limb swelling, varicose veins, previous VTE, family history
of VTE, active malignancy, preoperative immobilization,
central venous access andmultiplemajor trauma. Each item
was traceable to the case records, and the total score was re-
calculated after imputation. Because lower-extremity frac-
ture contributes 5 points and age contributes up to 3 points
in the scoring system used in this study, we prespecified
Caprini ≥9 as the research stratification threshold. A score
of ≥9 requires at least one additional risk point beyond the
fracture- and age-related components. This threshold was
used to identify patients with accumulated risk factors and
to support nursing prioritization; it was not an official risk
category or a trigger for anticoagulation or ultrasonography.
Preoperative immobilization ≥72 h was defined as an in-
ability to leave bed, walk, or effectively bear weight for at
least 72 consecutive hours due to fracture-related factors,
traction, medical orders or clinical status. This definition
was cross-checked against emergency records, activity or-
ders and nursing notes. The POD1Barthel activity subscore
used in this study was abstracted from the first routine nurs-
ing functional assessment documented on POD1 and calcu-
lated as the sum of the Barthel transfer (0–15) and mobility
(0–15) items, yielding a total score ranging from 0 to 30.
Severe POD1 activity dependence was defined as a POD1
Barthel activity subscore ≤5, indicating that transfer and
mobility were almost entirely dependent on assistance.
Delivery of mechanical prophylaxis, pharmacologic
prophylaxis and ankle-pump exercises was ascertained
from nursing execution sheets, medication administration
records and training logs. In this study, mechanical and
pharmacologic prophylaxis were coded only as binary
indicators of documented delivery. The database lacked
sufficiently complete and standardized longitudinal in-
formation regarding pharmacologic agents, prophylactic
doses, initiation and discontinuation times, duration, and
adherence, as well as mechanical prophylaxis device
type, daily application durations and adherence; therefore,
these details were not analyzed. Admission D-dimer was
defined as the first result obtained before prophylactic
anticoagulation initiation and was reported in mg/L fibrino-
gen equivalent units (FEU). Both investigators received
standardized training in data-extraction procedures before
data collection. All medical and nursing record data
were independently extracted by two investigators using a
standardized data-extraction form and predefined variable
definitions. The second investigator performed complete
verification of all extracted data against the source records.
Discrepancies were resolved through discussion, and
unresolved disagreements were adjudicated by a third
senior investigator.

Missing Data
The primary outcome, the matching identifier, and all
matching factors were complete. Variables prespecified as
acceptably missing and eligible for imputation were BMI,
admission D-dimer, admission albumin, estimated blood
loss, preoperative immobilization≥72 h, the POD1 Barthel
activity subscore, severe POD1 activity dependence, and
records of pharmacologic prophylaxis and ankle-pump ex-
ercises; candidate variables with >20% missingness were
excluded from the main models. On review, the actual pro-
portion of missing data ranged from 2.0% to 8.6%, with all
variables below this limit (Supplementary Table 1). After
the 61 matched sets were formed, we imputed these non-
matching variables once using random forest (RF). Contin-
uous and binary variables were initialized with the median
and mode, respectively. For each target variable, we drew
a bootstrap sample, selected a random predictor subspace,
and grew 100 classification and regression trees (CART)
over 4 iterations. The same candidate predictor pool was
used for all eight incomplete target variables: BMI, ad-
mission D-dimer, admission albumin, estimated blood loss,
preoperative immobilization≥72 h, POD1Barthel mobility
subscore, pharmacologic prophylaxis documentation, and
ankle-pump exercise documentation. For each imputation
target, the target variable itself was removed from the avail-
able predictor set. We then used the forest’s predicted mean
for continuous variables and drew a single Bernoulli value
from the mean predicted probability for binary variables
[16,17].
As a separate sensitivity analysis, the pre-imputation
matched dataset was used to generate 20 completed datasets
using a stochastic chained-equation multiple-imputation
procedure. Eight updating cycles were applied to each com-
pleted dataset. The outcome, matching identifier, age, sex
and fracture site were kept fixed and were not imputed.
Continuous variables were imputed using regression-based
predictions with stochastic residual draws; admission D-
dimer and estimated blood loss were logarithmically trans-
formed before imputation. Binary variables were imputed
using logistic regression followed by Bernoulli draws. Af-
ter BMI and preoperative immobilization had been im-
puted, the corresponding Caprini component points, total
Caprini score, Caprini ≥9, Caprini ≥10 and core-feature
count were recalculated within each completed dataset.
Each completed dataset retained the same 244 patients in 61
matched sets. Conditional logistic regression models were
fitted separately in the 20 completed datasets, and the re-
gression coefficients and variances were combined using
Rubin’s rules. This analysis was prespecified to assess the
stability of the principal findings under an alternative ap-
proach to handling missing data and did not replace the pri-
mary single-RF-imputation analysis.
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Sample Size
Sample-size feasibility was assessed using events per vari-
able (EPV) [18]. The prespecified exploratorymodel 3 con-
tains 5 regression coefficients; therefore, under the conser-
vative EPV ≥10 rule, at least 50 DVT events are required
[19]. With 1:3 matching, this corresponds to approximately
50 cases and 150 controls (200 patients in total). We in-
cluded 61 DVT cases and 183 controls (244 patients), yield-
ing an EPV of 61/5 = 12.2 for model 3, which meets this
requirement. Nonetheless, EPV reflects only the basic sta-
bility of estimation and substitutes for neither external val-
idation nor the estimation of individual absolute risk.

Statistical Analysis
All analyses were performed using R 4.5.1. Continuous
variables are summarized as median [interquartile range
(IQR)] and categorical variables as n (%). Formal tests
of normality were not performed, as continuous variables
were summarized descriptively using medians and IQRs,
and conditional logistic regression does not require pre-
dictors to be normally distributed. Post-matching balance
was judged primarily by the standardized mean difference
(SMD), with an absolute SMD <0.10 considered to indi-
cate negligible imbalance [20]. Because age, sex and frac-
ture site were already controlled through matching and the
conditional likelihood with matched-set stratification, they
were not re-entered into any regression model. Condi-
tional logistic regression was stratified by match_id, and
odds ratios (ORs), 95% confidence intervals (CIs), and p
values from two-sided Wald tests were reported. Nested
conditional logistic regression models were compared us-
ing likelihood-ratio tests. The timing of the first postop-
erative ultrasonographic examination was summarized by
outcome group as median [IQR] and counts for each post-
operative day. Differences in timing were examined using
conditional logistic regression stratified by match_id, first
per 1-day delay in examination and then by comparing de-
layed examination on POD6–7 versus POD3–5. The per-
day comparison was repeated after restricting the analysis
to matched sets containing routinely screened DVT cases.
The models were specified as follows. Model 1 in-
cluded only Caprini ≥9, whereas model 2 additionally in-
cluded severe POD1 activity dependence. Model 3 was
an exploratory actionable nursing and trauma association
model containing preoperative immobilization ≥72 h, se-
vere POD1 activity dependence, multiple trauma, open
fracture, and admission D-dimer. Because preoperative im-
mobilization and multiple trauma overlap with components
of the Caprini score, the total Caprini score was deliberately
omitted from this model to avoid duplicate representation
of related information. Model 3 was intended to estimate
mutually adjusted associations of individual nursing- and
trauma-related features within a component-based model;
it was not designed to estimate effects in addition to the
Caprini total or to develop a validated individual-level pre-

diction model. Model 4 compared patients with 1 or 2
core features (Caprini ≥9 and severe POD1 activity depen-
dence) against those with 0; model 5 estimated the associ-
ation per additional core feature; model 6 tested the mul-
tiplicative interaction between the two core features; and
model 7 assessed the trend per 2-point increase in Caprini
score. Models 1–7 were prespecified association analyses.
Their odds ratios describe conditional associations within
the matched sample and should not be interpreted as causal
effects or as estimates from a validated clinical prediction
model. The concordance analysis was limited to within-set
ranking and did not constitute external validation of the pre-
diction model.
Models 1 and 2 were compared using the Akaike infor-
mation criterion (AIC), the likelihood-ratio test for nested
models, and the concordance statistic (C statistic). The
cluster bootstrap was applied specifically to correct the
within-set C statistics and their difference for apparent opti-
mism and to quantify uncertainty in the concordance differ-
ence; it was not used to correct the AIC or likelihood-ratio
test. In each of 2000 iterations, 61 matched sets were sam-
pled with replacement, using match_id as the resampling
unit, and both models were refitted. Concordance was eval-
uated in both the bootstrap sample and the original matched
sample, and the estimated optimism was subtracted from
the apparent concordance. The bootstrap standard error and
percentile-based 95% confidence interval were reported for
the optimism-corrected difference in concordance. The C
statistic was treated as a descriptive measure of relative
ranking within the matched sample rather than as evidence
of a validated individual-level prediction model or clinical
utility.
Prespecified sensitivity analyses comprised a complete-
case model-3 analysis and a Caprini-plus-POD1 analysis
restricted to records complete for both variables using pre-
imputation data; an alternative Caprini ≥10 threshold; ad-
ditional adjustment for prophylaxis documentation; further
adjustment for D-dimer, multiple trauma and open frac-
ture; and restriction to routinely screened DVT cases. The
first two analyses used pre-imputation records, whereas
the subsequent analyses used the matched single-random-
forest-imputed dataset. A separate sensitivity analysis
generated 20 completed datasets from the pre-imputation
matched records, with conditional logistic regression esti-
mates pooled using Rubin’s rules. Caprini thresholds from
6 to 12 were evaluated separately without POD1 adjust-
ment. Exploratory analyses were also conducted for prox-
imal and symptomatic DVT and for subgroups defined by
fracture site, age (<65 vs ≥65 years), and operative dura-
tion (below vs at or above the median). Within each sub-
group, conditional logistic regression stratified bymatch_id
was used to estimate the associations of Caprini ≥9, severe
POD1 activity dependence, and preoperative immobiliza-
tion ≥72 h with DVT. These subgroup analyses were de-
scriptive, were not powered for formal interaction testing,
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and were not interpreted as confirmatory evidence of effect
heterogeneity. To examine potential information overlap
in the S5 specification, we calculated descriptive VIF-like
diagnostics from auxiliary regressions and pairwise corre-
lations among total Caprini score, multiple trauma, open
fracture and admission D-dimer. These diagnostics were
used to describe numerical overlap among covariates and
were not interpreted as tests of causality or mediation. Be-
cause proximal and symptomatic DVT comprised only 17
and 11 cases, respectively, each subtype analysis was lim-
ited to separate single-exposure conditional logistic regres-
sion models for the three main exposures: Caprini score
≥9, severe POD1 activity dependence, and preoperative
immobilization≥72 h—were selected a priori because they
represented the admission risk-stratification feature and the
two nursing-related mobility features evaluated in the pri-
mary analysis. All models were stratified by match_id to
retain the matched structure. Multivariable subtype models
were not fitted because the small numbers of subtype events
would have produced unstable estimates. Given the fixed-
ratio matched case-control design, incidence, absolute risk,
positive predictive value, and individual risk probabilities
were not estimated.

Results
Study Flow and Post-Matching Balance
After 1:3 matching without replacement, all 61 cases were
matched to 3 controls (100% completion), yielding 61 com-
plete matched sets (244 patients). RF imputation was
then applied only to missing values in non-matching vari-
ables. Every control’s age fell within ±5 years of that of
its matched case, and sex and fracture site matched exactly
within each set. After matching, the SMD for age was 0.02,
and the SMDs for sex and for hip/femur, tibia/fibula and an-
kle/foot fractures were all 0, meeting the prespecified bal-
ance criterion.

Baseline, Trauma and Nursing Characteristics
Post-matching baseline, trauma, and nursing characteristics
are shown in Table 1. The overall cohort had a median age
of 53 (41, 64) years, and 124 patients (50.8%) were men;
hip/femur, tibia/fibula and ankle/foot fractures accounted
for 37.7%, 44.3% and 18.0%, respectively. Among the non-
matching variables, multiple trauma was more frequent in
cases than in controls (26.2% vs 12.0%; SMD = 0.37). Ad-
mission D-dimer was 2.34 [2.03, 3.04] versus 1.81 [1.32,
2.24] mg/L FEU (SMD = 0.76), time from injury to surgery
was 62 [47, 85] versus 45 [33, 60] h (SMD = 0.68), and
estimated blood loss was 305 [187, 453] versus 235 [134,
379] mL (SMD = 0.36).
The Caprini score was 8 (7, 11) in cases and 7 (6, 9) in
controls, with scores ≥9 in 45.9% and 27.9%, respectively.
Preoperative immobilization ≥72 h occurred in 31.1% and
11.5%, respectively; the POD1 Barthel activity subscore
was 15 (10, 20) vs 20 (15, 25), and severe POD1 activ-

ity dependence occurred in 16.4% vs 4.4%. Documenta-
tion of pharmacologic prophylaxis and ankle-pump exer-
cises was similar between cases and controls (SMDs, 0.07
and 0.02, respectively), whereas documented mechanical
prophylaxis showed a non-negligible descriptive imbalance
(93.4% vs 87.4%; SMD = 0.21). Because these variables
captured only whether delivery was documented, rather
than the specific regimen, timing, duration, adherence or
intensity, they were interpreted descriptively and not as es-
timates of prophylactic effectiveness.

DVT Outcome, Anatomical Phenotype and Screening
Timing
Of the 61 DVT cases, 44 (72.1%) were distal and 17
(27.9%) were proximal; 11 (18.0%) were symptomatic, and
one (1.6%) was accompanied by pulmonary embolism. All
11 symptomatic cases underwent symptom-triggered exam-
ination, comprising 3 distal and 8 proximal DVTs; the re-
maining 50 cases (82.0%) were detected through routine
screening. The first postoperative examination occurred on
POD3, 4, 5, 6 and 7 in 4, 4, 47, 5 and 1 cases, respectively,
and in 0, 0, 167, 12 and 4 controls, respectively. The me-
dian examination day was POD5 [5,5] in both groups. No
DVT was confirmed on POD1 or POD2; the earliest docu-
mented confirmation occurred on POD3. Thus, the POD1
activity assessment preceded documented DVT confirma-
tion in all cases, although the biological onset of throm-
bosis could not be determined retrospectively. In the full
matched sample, examination one day later was inversely
associatedwith case status (OR= 0.40, 95%CI 0.19–0.83; p
= 0.014), reflecting earlier examinations among symptom-
triggered cases. After restriction to the 50matched sets con-
taining routinely screened cases, no clear timing difference
remained (OR per 1-day later examination = 1.22, 95% CI
0.57–2.58; p = 0.610). Delayed examination on POD6–7
occurred in 6 cases and 16 controls and was not associ-
ated with case status (OR = 1.13, 95% CI 0.43–2.99; p =
0.800). Length of stay was 15 [13,18] days in cases and 11
[9,13] days in controls, although the case-control sampling
and temporal relationship preclude a causal interpretation
of this difference (Fig. 2; Supplementary Table 2).

Distribution of Risk Features
The 2 × 2 cross-count of Caprini ≥9 and severe POD1 ac-
tivity dependence showed, among cases, 28 with neither, 5
with POD1 dependence only, 23 with Caprini ≥9 only and
5 with both; the corresponding control counts were 128, 4,
47 and 4. After collapsing to the number of core features,
cases had 0, 1 and 2 features in 28 (45.9%), 28 (45.9%) and
5 (8.2%), and controls in 128 (69.9%), 51 (27.9%) and 4
(2.2%) (Fig. 3). This distribution agrees with the marginal
counts in Table 1; the full cross-tabulation is in Supplemen-
tary Table 3.
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Table 1. Post-matching baseline characteristics and standardized mean differences.
Variable Overall DVT cases Controls SMD Raw missing, n

Age, years (matching factor; caliper +/–5 years) 53 [41, 64] 53 [42, 64] 53 [41, 64] 0.02 0
Male sex (exact matching factor) 124 (50.8%) 31 (50.8%) 93 (50.8%) 0 0
Fracture site: Hip/Femur (matching factor) 92 (37.7%) 23 (37.7%) 69 (37.7%) 0 0
Fracture site: Tibia/Fibula (matching factor) 108 (44.3%) 27 (44.3%) 81 (44.3%) 0 0
Fracture site: Ankle/Foot (matching factor) 44 (18.0%) 11 (18.0%) 33 (18.0%) 0 0
BMI, kg/m2 23.7 [21.9, 25.5] 23.8 [21.8, 25.9] 23.7 [22.2, 25.4] 0.09 10
Open fracture 17 (7.0%) 7 (11.5%) 10 (5.5%) 0.22 0
Multiple trauma 38 (15.6%) 16 (26.2%) 22 (12.0%) 0.37 0
Diabetes 8 (3.3%) 2 (3.3%) 6 (3.3%) 0 0
Previous VTE 6 (2.5%) 2 (3.3%) 4 (2.2%) 0.07 0
Admission D-dimer, mg/L FEU 1.94 [1.44, 2.40] 2.34 [2.03, 3.04] 1.81 [1.32, 2.24] 0.76 21
Admission albumin, g/L 39.9 [37.8, 41.4] 39.3 [37.7, 40.8] 40.2 [37.9, 41.5] 0.2 16
Injury-to-surgery time, h 48 [37, 66] 62 [47, 85] 45 [33, 60] 0.68 0
Surgical duration, min 98 [84, 112] 102 [91, 116] 97 [83, 108] 0.19 0
Estimated blood loss, mL 240 [147, 389] 305 [187, 453] 235 [134, 379] 0.36 9
Transfusion within 48 h 46 (18.9%) 16 (26.2%) 30 (16.4%) 0.24 0
Admission Caprini score 7 [6, 9] 8 [7, 11] 7 [6, 9] 0.48 15
Caprini score ≥9 79 (32.4%) 28 (45.9%) 51 (27.9%) 0.38 15
Preoperative immobilization ≥72 h 40 (16.4%) 19 (31.1%) 21 (11.5%) 0.49 5
POD1 Barthel activity subscore (0–30) 20 [15, 25] 15 [10, 20] 20 [15, 25] 0.77 7
Severe POD1 activity dependence (subscore ≤5) 18 (7.4%) 10 (16.4%) 8 (4.4%) 0.4 7
Mechanical prophylaxis documented 217 (88.9%) 57 (93.4%) 160 (87.4%) 0.21 0
Pharmacologic prophylaxis documented 203 (83.2%) 52 (85.2%) 151 (82.5%) 0.07 6
Ankle-pump exercise documented 207 (84.8%) 52 (85.2%) 155 (84.7%) 0.02 9

Note: Continuous variables are presented as median [IQR] and categorical variables as n (%). Post-matching covariate balance was
assessed using the absolute standardized mean difference (SMD); an absolute SMD <0.10 was considered negligible imbalance. p
values were not reported because Table 1 was intended for descriptive balance assessment rather than hypothesis testing. SMD,
standardized mean differences; BMI, body mass index; VTE, venous thromboembolism; FEU, fibrinogen equivalent units; POD1,
postoperative day 1.

Conditional Logistic Regression and High-Risk
Identification

In model 1, Caprini ≥9 was significantly associated with
in-hospital DVT (OR = 2.43, 95% CI 1.28–4.61, p = 0.007;
all conditional logistic regression stratified bymatched set).
In model 2, the associations of Caprini≥9 (OR = 2.26, 95%
CI 1.16–4.38, p = 0.016) and severe POD1 activity depen-
dence (OR = 3.89, 95% CI 1.38–10.94, p = 0.010) were
both retained. When Caprini was analysed on a continu-
ous per-2-point scale (model 7), the OR was 1.51 (95% CI
1.19–1.92, p < 0.001).

In exploratory model 3, preoperative immobilization≥72 h
(OR = 2.55, 95% CI 1.14–5.67, p = 0.022), severe POD1
activity dependence (OR = 4.44, 95% CI 1.32–14.89, p =
0.016) and each 1 mg/L FEU rise in admission D-dimer
(OR = 2.17, 95% CI 1.43–3.29, p < 0.001) were associated
with DVT, whereas the confidence intervals for multiple
trauma and open fracture crossed 1. These estimates rep-
resent mutually adjusted associations within a component-
based exploratory model. Because the model omitted the
total Caprini score to avoid overlapping information, its co-
efficients should not be interpreted as effects independent

of, or additive to, the Caprini score, nor as evidence of a
validated prediction model.
Against patients with no core feature, model 4 gave an OR
of 2.81 (95% CI 1.46–5.38, p = 0.002) for one feature and
6.28 (95% CI 1.57–25.03, p = 0.009) for two; in model 5
each additional core feature carried an OR of 2.66 (95% CI
1.56–4.56, p < 0.001). The multiplicative interaction fitted
in model 6 showed no statistical evidence (OR = 0.39, 95%
CI 0.05–2.90, p = 0.361), so the findings are better read
as an accumulation of risk information than as a biological
synergy (Table 2, Fig. 4).

Incremental Information From POD1 Activity

The AIC of the Caprini base model was 163.77 and fell
to 158.93 after the addition of severe POD1 activity de-
pendence; the nested-model likelihood-ratio chi-square was
6.84 (p = 0.009). After optimism correction using cluster
bootstrap resampling of the 61 matched sets, the within-
set concordance increased from 0.589 for the base model
to 0.633 for the augmented model, corresponding to a mod-
est difference of 0.044. The bootstrap standard error (SE)
of this gain was 0.022, with a percentile 95% CI of 0.003–
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Fig. 2. DVT anatomical phenotype, symptom status and postoperative duplex ultrasonography timing. Panels display the anatom-
ical and symptomatic composition of the 61 DVT cases and the postoperative day of the first documented ultrasonographic examination
among the 61 DVT cases.

Fig. 3. Admission Caprini distribution, nursing-related features and cumulative core-risk profile.

0.088, and all 2000 resamples yielded valid estimates (Ta-
ble 3). The resampling distribution is shown in Supple-
mentary Fig. 1. The interval reflects sampling uncertainty
at the matched-set level. Because within-set concordance
measures relative ranking in this matched sample, the ob-
served difference should not be interpreted as evidence of
validated individual-level prediction, clinical net benefit or
improved patient outcomes.

Sensitivity and DVT-Subtype Exploratory Analyses

Table 4 summarizes the sensitivity analyses. S1 used pre-
imputation complete records for model 3. Of the 204 can-
didate records in 61 nominal sets, 51 informative sets re-
mained after excluding 10 sets without a case, comprising

178 patients (4 two-person, 18 three-person and 29 four-
person sets). The ORs were 2.06 (95% CI 0.76–5.53; p
= 0.153) for preoperative immobilization ≥72 h and 6.37
(95% CI 1.55–26.11; p = 0.010) for severe POD1 activity
dependence. S2 included 225 records complete for Caprini
and POD1 variables from 61 nominal sets; after excluding 6
sets without a case, 55 informative sets comprising 207 pa-
tients remained (1 two-person, 11 three-person and 43 four-
person sets). The ORs were 2.13 (95% CI 1.06–4.31; p =
0.035) for Caprini ≥9 and 3.78 (95% CI 1.35–10.61; p =
0.011) for severe POD1 activity dependence.

S3–S8 used the single-random-forest-imputed dataset. Re-
placing Caprini ≥9 with ≥10 in model 2 yielded an OR
of 2.64 (95% CI 1.31–5.34; p = 0.007). After adjustment
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Table 2. Main conditional logistic regression results.
Model Model description Variable OR 95% CI p value

Model 1 Caprini primary model Caprini score ≥9 2.43 1.28–4.61 0.007
Model 2 Caprini plus POD1 activity dependence Caprini score ≥9 2.26 1.16–4.38 0.016
Model 2 Caprini plus POD1 activity dependence Severe POD1 activity dependence (subscore ≤5) 3.89 1.38–10.94 0.010
Model 3 Actionable nursing model Preoperative immobilization ≥72 h 2.55 1.14–5.67 0.022
Model 3 Actionable nursing model Severe POD1 activity dependence (subscore ≤5) 4.44 1.32–14.89 0.016
Model 3 Actionable nursing model Multiple trauma 1.61 0.67–3.84 0.284
Model 3 Actionable nursing model Open fracture 1.3 0.38–4.45 0.674
Model 3 Actionable nursing model Admission D-dimer per 1 mg/L FEU 2.17 1.43–3.29 <0.001
Model 4 Core-feature categories One core feature vs zero 2.81 1.46–5.38 0.002
Model 4 Core-feature categories Two core features vs zero 6.28 1.57–25.03 0.009
Model 5 Core-feature trend Per additional core feature 2.66 1.56–4.56 <0.001
Model 6 Multiplicative interaction Interaction between Caprini ≥9 and severe POD1 activity

dependence (subscore ≤5)
0.39 0.05–2.9 0.361

Model 7 Continuous Caprini Per 2-point increase in Caprini score 1.51 1.19–1.92 <0.001

Note: All models were fitted using conditional logistic regression with the matched set as the stratum. Age, sex, and fracture site were not re-entered
because they were matching factors. Model 3 intentionally omitted the total Caprini score because selected nursing and trauma variables overlap with
or are closely related to Caprini components. It was an exploratory association model rather than a predictive model. Severe POD1 activity dependence
was defined as a POD1 Barthel activity subscore ≤5.

Fig. 4. Conditional logistic regression estimates for Caprini and nursing-related risk characteristics.

for prophylaxis documentation (S4), the ORs for Caprini
≥9 and severe POD1 activity dependence were 2.22 and
3.79, respectively. With further adjustment for multiple
trauma, open fracture and admission D-dimer (S5), the OR
for Caprini ≥9 attenuated to 1.31 (95% CI 0.51–3.36; p

= 0.572), whereas severe POD1 activity dependence re-
mained associated with DVT (OR = 4.40, 95% CI 1.34–
14.49; p = 0.015). Descriptive VIF-like values were 1.68
for Caprini ≥9, 1.03 for severe POD1 activity dependence,
1.66 for multiple trauma, 1.03 for open fracture and 1.05
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Table 3. Incremental information and matched-set bootstrap results.
Analysis Estimate Lower 95% CI Upper 95% CI p value

Base model AIC 163.767 - - -
Augmented model AIC 158.926 - - -
Likelihood-ratio chi-square 6.841 - - 0.009
Apparent within-set concordance: base 0.590 - - -
Apparent within-set concordance: augmented 0.637 - - -
Optimism-corrected concordance: base 0.589 - - -
Optimism-corrected concordance: augmented 0.633 - - -
Optimism-corrected concordance improvement 0.044 0.003 0.088 -
Cluster-bootstrap standard error: concordance improvement 0.022 - - -
Valid matched-set bootstrap replicates 2000.000 - - -

Note: Concordance was calculated as a within-matched-set ranking measure. The reported difference was estimated
using 2000 cluster bootstrap resamples of the 61 matched sets. This analysis was exploratory and does not represent
external validation of a clinical prediction model or an estimate of clinical utility. AIC, Akaike information criterion.

Table 4. Sensitivity analyses.
Analysis Model Variable OR 95% CI p

value
Records /

sets

S1 Complete-case actionable nursing model Preoperative immobilization
≥72 h

2.06 0.76–5.53 0.153 178 / 51

S1 Complete-case actionable nursing model Severe POD1 activity
dependence (subscore ≤5)

6.37 1.55–26.11 0.010 178 / 51

S2 POD1-record-complete model Caprini score ≥9 2.13 1.06–4.31 0.035 207 / 55
S2 POD1-record-complete model Severe POD1 activity

dependence (subscore ≤5)
3.78 1.35–10.61 0.011 207 / 55

S3 Alternative-threshold model: Caprini ≥10 plus severe
POD1 activity dependence

caprini_ge10 2.64 1.31–5.34 0.007 244 / 61

S4 Prevention-adjusted model Caprini score ≥9 2.22 1.14–4.34 0.019 244 / 61
S4 Prevention-adjusted model Severe POD1 activity

dependence (subscore ≤5)
3.79 1.34–10.73 0.012 244 / 61

S5 Trauma-severity and D-dimer-adjusted model Caprini score ≥9 1.31 0.51–3.36 0.572 244 / 61
S5 Trauma-severity and D-dimer-adjusted model Severe POD1 activity

dependence (subscore ≤5)
4.4 1.34–14.49 0.015 244 / 61

S6 Routine-screening cases only Caprini score ≥9 2.48 1.17–5.25 0.018 200 / 50
S6 Routine-screening cases only Severe POD1 activity

dependence (subscore ≤5)
5.04 1.47–17.22 0.010 200 / 50

S7 Proximal DVT: separate single-exposure model Caprini score ≥9 1.51 0.43–5.23 0.518 68 / 17
S7 Proximal DVT: separate single-exposure model Severe POD1 activity

dependence
4.37 0.37–51.24 0.240 68 / 17

S7 Proximal DVT: separate single-exposure model Preoperative immobilization
≥72 h

2.00 0.48–8.40 0.344 68 / 17

S8 Symptomatic DVT: separate single-exposure model Caprini score ≥9 1.84 0.46–7.30 0.388 44 / 11
S8 Symptomatic DVT: separate single-exposure model Severe POD1 activity

dependence
2.30 0.31–17.24 0.417 44 / 11

S8 Symptomatic DVT: separate single-exposure model Preoperative immobilization
≥72 h

2.35 0.60–9.17 0.220 44 / 11

Severe POD1 activity dependence was defined as a POD1 Barthel activity subscore ≤5. For S7 and S8, each exposure was examined in a separate
conditional logistic regression model stratified by matched set. These subtype analyses were exploratory, and no multivariable subtype model was fitted
because of the limited number of events.

for admission D-dimer. The total Caprini score was corre-
lated with multiple trauma (r = 0.74), whereas correlations
with admission D-dimer and the other trauma variable were

weaker. Thus, the attenuation observed in S5 was compati-
ble with information overlap and possible over-adjustment
rather than evidence of severe numerical collinearity or a



2045 Ann. Ital. Chir., 97, 11, 2026

Li Huang, et al.

proven mediation pathway (Supplementary Tables 4,5).
Restriction to routinely screened cases (S6) included 200
patients in 50 matched sets; Caprini ≥9 and severe POD1
activity dependence remained associated with DVT, with
ORs of 2.48 (95% CI 1.17–5.25; p = 0.018) and 5.04 (95%
CI 1.47–17.22; p = 0.010), respectively.
In separate threshold-only analyses, the ORs for Caprini
cutoffs of ≥6, ≥7, ≥8, ≥9, ≥10, ≥11 and ≥12 were
4.94, 3.35, 3.41, 2.43, 2.70, 2.78 and 2.21, respectively;
the corresponding apparent within-set concordance values
were 0.544, 0.590, 0.623, 0.590, 0.590, 0.579 and 0.544
(Supplementary Table 6). Although concordance was
highest at ≥8, no cutoff was uniformly superior. The pre-
specified ≥9 cutoff was therefore retained as a clinically
interpretable research stratum rather than as an empirically
optimal or official clinical threshold.
The additional multiple-imputation analysis included 244
patients in 61 matched sets across 20 completed datasets.
Pooled results were comparable with those of the primary
analysis: Caprini ≥9, OR 2.43 (95% CI 1.28–4.61; p =
0.007); Caprini ≥9 in the Caprini-plus-POD1 model, OR
2.25 (95% CI 1.16–4.37; p = 0.017); severe POD1 activ-
ity dependence, OR 4.00 (95% CI 1.42–11.25; p = 0.009);
preoperative immobilization≥72 h, OR 2.80 (95%CI 1.22–
6.43; p = 0.015); and admission D-dimer, OR 2.13 (95% CI
1.41–3.22; p < 0.001). The alternative Caprini ≥10 model
yielded an OR of 2.62 (95%CI 1.30–5.32; p = 0.007). Mul-
tiple trauma and open fracture remained non-significant.
The fraction of missing information ranged from approx-
imately 0% to 7.9% (Supplementary Table 7).
Exploratory analyses by fracture site, age group and opera-
tive duration are shown in Supplementary Table 8. The di-
rection of associations for Caprini ≥9, severe POD1 activ-
ity dependence and preoperative immobilization was gener-
ally consistent with the primary analysis, although several
subgroup estimates were imprecise and one POD1 model
in the ankle/foot stratum was not estimable. These analy-
ses were descriptive and were not powered for formal in-
teraction testing. Exploratory subtype analyses included
17 proximal-DVT matched sets and 11 symptomatic-DVT
matched sets. In separate single-exposure conditional logis-
tic regression models, the ORs for proximal DVTwere 1.51
(95% CI 0.43–5.23) for Caprini score ≥9, 4.37 (95% CI
0.37–51.24) for severe POD1 activity dependence and 2.00
(95%CI 0.48–8.40) for preoperative immobilization≥72 h.
The corresponding ORs for symptomatic DVT were 1.84
(95% CI 0.46–7.30), 2.30 (95% CI 0.31–17.24) and 2.35
(95% CI 0.60–9.17), respectively. All confidence inter-
vals were wide and crossed 1; therefore, these exploratory
estimates do not support definitive conclusions regarding
subtype-specific associations. Complete subtype results are
provided in Table 4 and Supplementary Table 9.

Discussion
In 61 case-control sets matched on age, sex and fracture
site, we systematically assessed the admission Caprini score
and nursing-related activity measures. Caprini ≥9, preop-
erative immobilization≥72 h and severe POD1 activity de-
pendence were each positively associated with in-hospital
DVT, and the OR increased stepwise as the number of core
features rose from 0 to 1 to 2. Adding POD1 activity infor-
mation improved within-set concordance, although the im-
provement was modest. Taken together, these findings sup-
port POD1 activity assessment as a supplement to, rather
than a replacement for, admission risk stratification.

Applicability of the Caprini Score in Lower-Limb Fracture
The Caprini model has shown risk-stratification value
across many surgical populations, yet its performance is in-
evitably shaped by case mix, outcome definition and the
prophylaxis pathway [21,22]. When Wu and Cheng [23]
developed a nomogram for femoral fracture, they reported
a Caprini AUC of only 0.571 and found that DVT incidence
did not increase monotonically with the score, conclud-
ing that this generic tool was unsuitable for orthopaedic-
trauma patients. This accords with our own observation:
because a lower-limb fracture itself contributes 5 points,
the conventional >5-point cutoff has limited discriminative
power in this population. We therefore prespecified≥9 as a
research-oriented nursing stratification threshold. Because
lower-extremity fracture contributes 5 points and age con-
tributes up to 3 points, a score of at least 9 ensures at least
one additional risk point beyond the maximum combined
contribution of these two components, thereby identifying
a stratum with further accumulated risk information. In
our matched sample, Caprini ≥9 was associated with an
OR of 2.43 for DVT, and each 2-point increase with an
OR of 1.51; the ≥10 sensitivity analysis showed a simi-
lar direction of association, indicating that the score still
carries meaningful ranking information in this population.
Across the exploratory cutoffs, apparent within-set concor-
dance was numerically highest at ≥8. We nevertheless re-
tained ≥9 because it was prespecified and reflected the in-
tended accumulated-risk definition; we do not interpret it as
either the statistically optimal or an official clinical cutoff.
In 953 patients with lower-limb fracture, Wang et al. [24]
attempted to refine the Caprini score using fasting glucose
and D-dimer and found that its stand-alone discrimination
was limited, whereas adding these readily available vari-
ables increased the receiver operating characteristic (ROC)
value to 0.784, providing further evidence that supplement-
ing Caprini with accessible variables may improve risk or-
dering.
After further adjustment for multiple trauma, open frac-
ture and admission D-dimer in S5, the OR for Caprini ≥9
attenuated to 1.31, with a confidence interval crossing 1.
The descriptive VIF-like diagnostics did not suggest severe
numerical collinearity, with values ranging from 1.03 to
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1.68; however, the total Caprini score was correlated with
multiple trauma (r = 0.74), indicating substantial informa-
tion overlap. Multiple trauma is itself represented within
the Caprini score, whereas admission D-dimer may cap-
ture post-traumatic coagulation activation and open frac-
ture may provide additional information about injury sever-
ity. Thus, the attenuation is compatible with overlapping
information among the Caprini score, trauma burden and
post-traumatic coagulation activation and may also reflect
over-adjustment relative to the broader admission-risk esti-
mand. It should not be interpreted as evidence that Caprini
≥9 is not associated with DVT or as proof of a media-
tion pathway, because the retrospective case-control design
does not establish the temporal ordering or causal role of
these variables. Model 3, which omitted the total Caprini
score, should therefore be interpreted as a component-based
exploratory association model for examining the joint pat-
tern of nursing and trauma-related features rather than as a
second score that can be added directly to Caprini. The ret-
rospective design does not allow the relative contributions
of these overlapping components to be separated reliably.

Clinical Interpretation of Preoperative Immobilization and
POD1 Activity Dependence

The clinical meaning of preoperative immobilization and
POD1 activity dependence can be understood within a
framework in which venous stasis, inflammation and coag-
ulation activation jointly contribute to thrombosis [25]. The
most direct effect of prolonged immobilization is to weaken
the calf muscle pump and slow venous return, thereby pro-
moting stasis-a pathway that Alsuwaylihi and colleagues
[26] place at the forefront of the Virchow triad. They noted
that, without prophylaxis, the incidence of DVT after ma-
jor orthopaedic surgery can reach 40–60%; their ICU find-
ings regarding immobility and proximal DVT provide ad-
ditional background but may not be directly generalizable
to patients hospitalized after lower-limb fracture surgery.
Waiting for surgery, traction, pain and restricted weight-
bearing can all weaken the calf muscle pump, whereas the
need for near-complete assistance on POD1 may reflect
several factors simultaneously, including trauma burden,
pain control, surgical constraints, and slow functional re-
covery. In our data, both preoperative immobilization ≥72
h and severe POD1 activity dependence were associated
with DVT. Pearse et al. [27] reported a reduction in DVT
from 27.6% to 1.0% with early mobilization after knee re-
placement; however, these findings may not be directly
generalizable to patients undergoing surgery for lower-limb
fractures. These observations are consistent with an associ-
ation between limited early activity and DVT, but they do
not establish that reduced activity caused thrombosis. Al-
though no DVT was confirmed before POD3 and the as-
sociation with severe POD1 activity dependence remained
in the routine-screening-only analysis, undetected thrombo-
sis or early symptoms preceding imaging may themselves

have restricted activity. Residual confounding by surgi-
cal technique, anesthesia, pain severity, prescribed weight-
bearing restrictions, and other aspects of postoperative re-
covery therefore cannot be excluded.
From the standpoint of nursing-record availability, the du-
ration of preoperative immobilization can be documented
during handover, and the POD1 Barthel transfer and mobil-
ity subscores can be obtained during routine functional as-
sessment. Neither requires additional laboratory testing nor
complex time-series modelling, making both readily col-
lectable. It should be clear, however, that POD1 activity
dependence is not a directly modifiable causal factor; it is
better regarded as a risk signal that may prompt closer as-
sessment of pain, activity restriction, prophylaxis delivery
and limb symptoms.

Incremental Information and Nursing Risk Stratification
Adding severe POD1 activity dependence to Caprini ≥9
lowered the AIC, and the corrected within-set concordance
increased from 0.589 to 0.633, corresponding to a differ-
ence of 0.044. The cluster-bootstrap SE of 0.022 and 95%
CI of 0.003–0.088 reflect sampling uncertainty at the level
of the 61 matched sets. Although the point estimate was
positive, the magnitude was modest, and the lower confi-
dence limit was close to zero. The result therefore provides,
at most, limited support for additional within-set ranking
information from POD1 activity assessment. It does not
establish improved individual-level prediction, clinical net
benefit, or better patient outcomes. Because this study
did not assess calibration, decision-curve net benefit, or
whether the activity assessment changed nursing manage-
ment, the clinical significance of this difference requires
prospective evaluation.
The core value of nursing risk stratification lies not in re-
placing anticoagulation decisions but in helping prioritize
the work. In a prospective multicentre observational study,
Chua et al. [28] found that the timing of first mobiliza-
tion after total hip or knee arthroplasty was driven more
by treatment-related than patient-related factors, suggesting
that early mobilization depends substantially on provider-
related practices. For patients with Caprini ≥9, prolonged
preoperative immobilization, or severe POD1 activity de-
pendence, onemay prioritize checking the continuity ofme-
chanical prophylaxis, pharmacologic prophylaxis orders in
relation to bleeding contraindications, the actual comple-
tion of ankle-pump exercises, pain control, limb symptoms
and the ultrasound handoff. Current orthopaedic and in-
hospital VTE guidelines emphasize an individualized bal-
ance between thrombotic and bleeding risk [29]; therefore,
the feature combination identified here can serve, at most,
as a cue for nursing attention and cannot independently di-
rect treatment.
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Prophylaxis Records and the DVT Phenotype
Mechanical prophylaxis was documented in 93.4% of cases
and 87.4% of controls (SMD = 0.21), indicating a non-
negligible descriptive imbalance. This may reflect a greater
clinical inclination to usemechanical prophylaxis in higher-
risk patients, its use as an alternative when pharmaco-
logic prophylaxis is a concern, or simply more complete
nursing documentation in higher-risk patients. Because
the prophylaxis variables capture only whether a measure
was recorded-not the actual dose, duration or quality of
delivery-such descriptive differences are more likely to re-
flect confounding by indication and cannot be used to esti-
mate a protective or harmful effect of mechanical prophy-
laxis.
The PREVENT CLOT trial has shown that, even against
a background of routine pharmacologic prophylaxis, pa-
tients with fractures can still develop symptomatic VTE. It
should be clear, however, that our study was not a compara-
tive study of pharmacologic prophylaxis and therefore can-
not adjudicate between aspirin and low-molecular-weight
heparin (LMWH). In our study, distal DVT accounted for
72.1% of all DVT cases, whereas 50 of the 61 cases (82.0%)
were detected through routine screening. These are sep-
arate descriptors of outcome composition: the latter per-
centage refers to all DVT cases rather than specifically to
distal DVT. In the full sample, cases underwent ultrasonog-
raphy earlier overall because the 11 symptomatic cases re-
ceived symptom-triggered examinations. No clear differ-
ence in examination timing was observed after restriction
to matched sets containing routinely screened cases, and
POD6–7 delays were similarly distributed between cases
and controls. These findings reduce concern that the ob-
served associations were explained solely by unequal ex-
amination timing, but they cannot eliminate detection bias.
Routine ultrasonography preferentially identifies clinically
silent distal thrombosis; consequently, our findings ap-
ply primarily to in-hospital, ultrasound-detected DVT and
should not be directly extrapolated to symptomatic proxi-
mal DVT, pulmonary embolism or post-discharge venous
thromboembolism. Nor can these data determine the net
clinical benefit of routine screening or establish that DVT
prolonged hospitalization.

Limitations
Several limitations deservemention. First, the single-center
retrospective design may introduce selection bias, informa-
tion bias, and residual confounding, and matching on age,
sex and fracture site cannot control for all unmeasured fac-
tors. Surgical approach, anesthesia regimen, standardized
pain intensity, and the precise timing of early symptoms
were not consistently available for adjustment. Because
systematic preoperative ultrasonographic screening was not
performed in all patients, pre-existing asymptomatic DVT
could not be completely excluded, which may have led to
misclassification of some cases as newly detected postoper-

ative DVT. Moreover, although the POD1 assessment pre-
ceded documented DVT confirmation, it could not be es-
tablished that it preceded the biological onset of thrombo-
sis. In addition, the fully adjusted S5 specification included
variables that may overlap with Caprini components or re-
flect the post-traumatic coagulation response; its attenuated
Caprini estimate should therefore be interpreted as a sensi-
tivity result rather than as an estimate of a distinct causal
effect.

Second, outcome ascertainment was limited to the hospi-
tal stay and was dominated by routinely detected, asymp-
tomatic distal DVT. Although examination timing was sim-
ilar after restriction to matched sets containing routinely
screened cases, detection and ascertainment bias related to
the screening strategy and the absence of formal blinding
to clinical information cannot be excluded; post-discharge
events were not captured. The fixed 1:3 case-control sam-
pling also means that this matched sample cannot be used
to estimate incidence, absolute risk, calibration or positive
predictive value.

Third, the primary analysis used single random-forest im-
putation and therefore did not fully propagate imputa-
tion uncertainty. In the additional 20-dataset multiple-
imputation sensitivity analysis, the pooled estimates were
generally similar in direction and magnitude to those of the
primary analysis, reducing concern that the principal find-
ings were driven by a particular single imputation. Never-
theless, this sensitivity analysis was conducted within the
same single-center matched sample and cannot substitute
for validation in an independent cohort.

Fourth, the numbers of events for proximal DVT, symp-
tomatic DVT, and the doubly positive core-feature group
were small, limiting the precision of these estimates. The
exploratory subgroup estimates also did not provide a reli-
able basis for concluding that nursing-related associations
differed by fracture site, age or operative duration. The
wider intervals in several strata mainly reflect the limited
number of informative matched sets, particularly among
older patients and those with ankle/foot fractures.

Finally, prophylaxis was available only as binary indica-
tors of documented delivery. We could not reliably re-
construct the pharmacologic agent and dose, start and stop
times, duration, administration adherence, or the type, daily
application duration, and adherence of mechanical prophy-
laxis. Because pharmacologic and mechanical prophylaxis
are important determinants of DVT risk, the lack of detailed
information on their timing, intensity, duration, and adher-
ence may have led to misclassification of prophylaxis ex-
posure before DVT confirmation and residual confounding
by differences in clinical management and indication for
prophylaxis. The findings therefore cannot determine the
effectiveness of any specific pharmacologic or mechanical
prophylaxis strategy. We also did not perform temporal or
external validation or formally evaluate clinical utility.
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Conclusions
In this 1:3 matched sample of adults undergoing lower-limb
fracture surgery, admission Caprini ≥9, preoperative im-
mobilization ≥72 h, and severe POD1 activity dependence
were each associated with in-hospital DVT and together
formed a set of cumulative high-risk features readily iden-
tifiable from routine records. Linking the admission risk
score with a quantified POD1 activity assessment may pro-
vide a practical way to organize nursing attention toward
prophylaxis delivery, activity support, symptom observa-
tion, and coordination of ultrasonography; however, the
modest increase in within-set concordance should not be in-
terpreted as evidence of improved clinical prediction or pa-
tient outcomes. Future work should use prospective multi-
centre cohorts that uniformly record the start and end of im-
mobilization, the POD1 Barthel activity subscore, and the
dose and quality of prophylaxis, and should further evaluate
incidence, calibration, clinical net benefit, nursing-resource
use and cost.
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