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Abstract: Objective: To assess the role of prothrombin time (PT), activated partial thromboplastin time (APTT), and
thrombin time (TT) in guiding early rehabilitation following tibial fracture surgery. Methods: A retrospective analysis
was conducted on 168 patients treated for tibial fractures from May 2020 to May 2022. Patients were divided
into good and poor rehabilitation groups based on treatment outcomes. Data on age, gender, BMI, Schatzker clas-
sification, operation time, blood loss, PT, APTT, and TT were collected for univariate analysis. ROC curve analysis
determined optimal cut-off values, followed by multivariable logistic regression to identify independent risk factors.
A nomogram prediction model was then constructed. Results: Independent risk factors for early recovery included
age 245 years, Schatzker type lll, operation time >99.5 minutes, APTT>28.5 seconds, and TT>13.5 seconds. The
nomogram model demonstrated high prediction accuracy with a C-index of 0.980. Conclusion: Prolonged APTT,
extended TT, longer operation time, and higher Schatzker classification were identified as independent risk factors
influencing early recovery post-surgery. A logistic regression-based prediction model was developed, facilitating the

design of personalized rehabilitation training programs to improve patient outcomes.
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Introduction

Tibial fractures are a common occurrence in
traumatic orthopedics, particularly among ma-
le adolescents and women aged 20 to 30 years
[1]. In recent years, the incidence of tibial frac-
tures has been rising due to increased trans-
portation convenience and mechanization [2].
Tibial fractures account for approximately
13.7% of all fractures, with adult fractures and
long bone fractures comprising 2% and 1-2 out
of every 1,250,005 cases, respectively [3]. In
the United States, there are approximately
490,000 cases of tibial fractures annually, with
around 25% being open fractures. On average,
inpatients with tibial fractures stay in the hospi-
tal for about 5 days, with treatment costs
amounting to roughly $25,000 per case.
Consequently, the overall medical expenses
surpass $1.7 billion, placing a significant bur-
den on both the public healthcare system and
households [4].

Early rehabilitation training is crucial for patients
with tibial fractures, offering significant value in
promoting the recovery of physical function and
improving quality of life. It can facilitate wound
healing, reduce postoperative complications,
accelerate recovery, enhance self-care abilities,
and contribute to shorter hospital stays and
reduced medical costs [5]. Additionally, early
rehabilitation provides essential psychological
support, aiding patients in quicker reintegration
into society and daily life. However, challenges
such as the lack of clear rehabilitation training
guidelines and assessment indicators currently
limit the promotion and implementation of early
rehabilitation [6].

Coagulation indicators may be related to early
rehabilitation in patients, primarily due to the
impact of exercise and rehabilitation on coagu-
lation and fibrinolysis markers [7]. Coagulation
markers may reach higher baseline levels after
exercise. For patients with heart failure, coagu-
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lation disorders can affect recovery and prog-
nosis [8, 9]. Early coagulation testing and
dynamic monitoring of coagulation indicators
may hold value in early identification of coagu-
lation disorders, guiding treatment, and improv-
ing prognosis, which could be applicable in
early rehabilitation [10].

However, there is a lack of specific research
directly exploring the relationship between
coagulation indicators and early rehabilitation.
Additionally, the absence of standards and
observational indicators for early rehabilitation
may hinder understanding and application of
this relationship. Therefore, this study aims to
analyze the effects of pre-treatment prothrom-
bin time (PT), activated partial thromboplastin
time (APTT), and thrombin time (TT) in guiding
early rehabilitation, providing a reference for
clinical postoperative rehabilitation.

Methods and materials
Ethical statement

This research was approved by the Medical
Ethics Committee of the Fourth Hospital of
Wuhan (Ethical approval number: 202004 38).

Sample collection

A retrospective analysis was performed on 168
patients with tibial fracture treated in the
Department of Trauma Orthopedics of the
Fourth Hospital of Wuhan from May 2020 to
May 2022.

Inclusion and exclusion criteria

Inclusion criteria: patients treated at the Fourth
Hospital of Wuhan who were not transferred
from other hospitals; patients who received
treatment; patients diagnosed with tibial frac-
tures through imaging; patients with detailed
clinical data required for the study; and patients
aged over 18 years.

Exclusion criteria: patients with old fractures;
patients with nerve injuries; patients with
malignant tumors; pregnant women; patients
with other conditions, such as serious blood
diseases, autoimmune diseases, or heart, lung,
liver, and kidney function abnormalities; and
patients with conditions such as arteriovenous
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thrombosis, inflammation, or arthritis, requiring
long-term medication for control.

Evaluation criteria for rehabilitation efficacy
[11]

Markedly effective: The patient’s fracture site is
not tender to touch and does not elicit pain
upon percussion. X-ray results show complete
healing of the fracture site with no displace-
ment or deformity.

Effective: The patient’s tenderness and percus-
sion pain at the fracture site are significantly
reduced. X-ray results show that the fracture is
basically healed.

Ineffective: The patient’s tenderness and per-
cussion pain at the fracture site do not de-
crease. X-ray results show that the fracture is
not healed.

Sample screening

A total of 168 samples were collected for this
study, meeting the inclusion criteria. After
applying the exclusion criteria, 118 samples
remained eligible for further analysis. Based on
clinical efficacy assessment results post-treat-
ment, patients were grouped as follows: those
with markedly effective and effective outcomes
were classified into the good rehabilitation
group (n = 88), while those with ineffective out-
comes were classified into the poor rehabilita-
tion group (n = 30). The specific screening pro-
cess is displayed in Figure 1.

Clinical data

Clinical data were collected from electronic
medical records and outpatient records, includ-
ing age, gender, body mass index (BMI),
Schatzker classification, operation time, hospi-
talization time, intraoperative blood loss, PT,
APTT,and TT.

Outcome measures

Logistic regression analysis was performed to
identify risk factors influencing early rehabilita-
tion outcomes. Receiver operating characteris-
tic (ROC) curve analysis was used to assess the
predictive value of risk factors for poor rehabili-
tation outcomes. These risk factors were then
visualized using a nomogram.
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A retrospective analysis of 168
patients with tibial fractures
reated at our institution from Ma
2020 to May2022 was performed.

After applying the exclusion
criteria, 50 patients were
excluded and 118 samples
remained eligible for further
analysis.

Patients were grouped
according to the assessment

of their clinical efficacy after

(1) Old fractures: 10 patients were excluded due to the prese@

old fractures.

(2) Nerve injuries: 5 patients were excluded because they had
nerve injuries.

Y (3) Combined malignant tumors: 5 patients were excluded as they
had concurrent malignant tumors.

(4) Women during pregnancy, severe blood diseases, autoimmune
diseases, and organ function abnormalities (heart, lung, liver, and
kidney): 18 patients were excluded due to pregnancy or the
presence of severe blood diseases, autoimmune diseases, and
abnormalities in heart, lung, liver, or kidney function.

(5) Controlled inflammatory conditions (arterial and venous

v thrombosis, joint inflammation, etc.) requiring long-term medication:
12 patients were excluded because they had arterial and venous
thrombasis, joint inflammation, or other controlled inflammatory

@ons that required long-term medication /
treatment

Voo

Good rehabilitation] |Poor rehabilitation
group (n=88) group (n=30)

Statistical analysis

SPSS 26.0 was used for statistical analysis.
Measurement data were expressed as mean +
standard deviation, and t-tests were conducted
for comparisons between groups. Count data
were expressed as cases (%), and comparisons
between groups were performed using chi-
square tests or Fisher’s exact tests. ROC curves
were generated to evaluate the predictive value
of operation time, PT, APTT, and TT on rehabili-
tation outcomes, and multivariate logistic
regression analysis was conducted to identify
independent risk factors affecting rehabilita-
tion outcomes. A nomogram was generated
using R software (version 4.3.2) and the “rms”
package. Data visualization was performed
using GraphPad Prism 8.00. Statistical signifi-
cance was determined with a threshold of
P<0.05.

Results

Univariate analysis of factors influencing early
rehabilitation outcomes

Patients were grouped according to their reha-

bilitation outcomes, with those achieving mark-
edly effective and effective outcomes classi-
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Figure 1. Flowchart of sample screening.

fied into the good rehabilitation group (n = 88),
and the others into the poor rehabilitation
group (n = 30). The clinical data of the two
groups were compared, revealing that the good
rehabilitation group had a significantly higher
number of patients aged >45 years and with
higher Schatzker classifications compared to
the poor rehabilitation group (P<0.01) (Table
1). Additionally, the poor rehabilitation group
had longer operation times and higher PT, APTT,
and TT values compared to the good rehabilita-
tion group (all P<0.001) (Table 1).

Predication value of operation time, PT, APTT,
and TT in rehabilitation outcomes

ROC curve analysis indicated that the area
under the curve (AUC) for all four indicators was
greater than 0.7, demonstrating their clinical
predictive value (Table 2; Figure 2).

Risk factor assignment and multivariate logis-
tics regression analysis

For multivariate logistic regression, variables
with significant differences were assigned val-
ues, including age, Schatzker classification,
operation time, PT, APTT, and TT (Table 3). The
values for operation time, PT, APTT, and TT
were assigned based on the cut-off values in
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Table 1. Univariate analysis between the two groups

Good rehabilitationgroup Poor rehabilitation group

Factors (n = 88) (n = 30) X3/t P
Age 8.198 0.004
>45 years old 35 21
<45 years old 53 9
Gender 0.899 0.343
Male 50 20
Female 38 10
Body mass index 0.467 0.527
>25 kg/m? 26 11
<25 kg/m? 62 19
Schatzker classification 13.512  0.001
| 48 8
Il 30 10
1] 10 12
Operation time (min) 95.17+15.16 111.50+11.90 5.356 <0.001
Hospitalization time (d) 8.96+2.80 9.06+£3.02 0.161 0.871
Intraoperative blood loss (mL) 127.86+17.48 131.90+17.96 0.286 1.071
PT (s) 12.93+1.34 11.92+1.12 4.057 <0.001
APTT (s) 27.70+3.17 24.88+3.03 4.355 <0.001
TT (s) 13.70+0.88 12.23+1.65 4673 <0.001
Comorbid hypertension 2.031 0.154
Yes 11 7
No 77 23
Comorbid diabetes mellitus 0.567 0.451
Yes 10 5
No 78 25
History of smoking 2.317 0.128
Yes 15 9
No 73 21
History of drinking 3.420 0.064
Yes 13 9
No 75 21
Place of residence 1.856 0.173
Rural areas 67 19
Urban areas 21 11

Notes: PT, Prothrombin Time; APTT, Activated Partial Thromboplastin Time; TT, Thrombin Time.

Table 2. ROC curve parameters

Area under the

Predictor variables curve (AUC) Confidence interval (Cl) Sensitivity Specificity Youden index  Cut-off
Operation time 0.807 0.725-0.888 60.23% 93.33% 53.56% 99.5
PT 0.717 0.606-0.828 71.59% 66.67% 38.25% 12.5
APTT 0.733 0.625-0.841 87.50% 56.67% 44.17% 28.5
T 0.791 0.711-0.871 80.68% 66.67% 47.35% 13.5

Notes: PT, Prothrombin Time; APTT, Activated Partial Thromboplastin Time; TT, Thrombin Time.
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Figure 2. ROC curve of PT, APTT, TT and operation time before treatment
for predicting rehabilitation outcomes. Notes: PT, Prothrombin Time; APTT,
Activated Partial Thromboplastin Time; TT, Thrombin Time.

Table 3. Assignment table

for patients after tibial frac-
Dot ture surgery. The C-index of
PT the nomogram was 0.980
o (0.957-1.002), indicating high
Reference accuracy (Figure 3). Scores
were assigned as follows: 67.5
for age, 100 for Schatzker
classification, 97.5 for opera-
tion time, 72.5 for APTT, and
62.5 for TT. A higher score cor-
responds to a higher risk of
poor rehabilitation outcomes.
For example, if a patient is
aged >45 years, with Scha-
tzker Type | classification,
operation time of 101 min-
utes, APTT of 29 seconds, and
TT of 12 seconds, the calcu-
lated total score would be
165, with an estimated prob-
ability of 37.5% for experienc-
ing poor rehabilitation out-
comes.

Discussion

The primary value of early

Factors Assignment
Age >45=1,<45=0
Schatzker classification I=0,Il=2,11=2

Operation time

>99.5 min =1, <99.5 min=0

PT 2125s=1,<125s=0

APTT

2285s5=1,<285s=0

1T >13.5s=1,<13.5s=0

Rehabilitation outcomes

Good =0, poor =1

rehabilitation training after
tibial fracture surgery lies in
its ability to expedite the re-
covery process, improve pa-
tients’ quality of life, allevia-
te postopative complications,
and reduce medical costs [12,

Notes: PT, Prothrombin Time; APTT, Activated Partial Thromboplastin Time; TT,

Thrombin Time.

Table 2. The cut-off values for operation time,
PT, APTT, and TT were 99.5 minutes, 12.5 sec-
onds, 28.5 seconds, and 13.5 seconds, respec-
tively. Multivariate logistic regression analysis
identified age, Schatzker classification, opera-
tion time, APTT, and TT as independent risk fac-
tors affecting rehabilitation outcomes (all
P<0.05) (Table 4).

Nomogram construction

Based on the variables identified by multivari-
ate logistic regression analysis (age, Schatzker
classification, operation time, APTT, and TT), a
risk model nomogram was constructed to pre-
dict the efficacy of early rehabilitation training

4898

13]. Early rehabilitation train-
ing is advantageous in restor-
ing joint motion, enhancing
muscle strength, reducing the
risk of muscle atrophy and joint stiffness, allevi-
ating postoperative pain and swelling, promot-
ing wound healing, preventing complications
such as deep vein thrombosis, and improving
patients’ psychological well-being and self-con-
fidence [14-17].

However, the current evaluation of early reha-
bilitation training lacks comprehensive scores
or indicators, which hinders accurate assess-
ment and continuous optimization of its effects
[18, 19]. This limitation affects the standardiza-
tion and individualization of rehabilitation train-
ing programs [20]. Moreover, existing assess-
ment indicators may not fully capture the sig-
nificance of rehabilitation training in enhancing
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Table 4. Multivariate analysis

. Log 95% ClI
Factors B Standard error ~ Wald Sig.  Log OR value — —
Lower limit  Upper limit
Age 3.444 1.213 8.055 0.005 1.496 0.463 2.529
Schatzker classification ~ 2.442 0.716 11.639 0.001 1.061 0.451 1.670
Operation time 4.617 1.428 10.454 0.001 2.005 0.790 3.221
PT 1.773 0.956 3.438 0.064 0.770 -0.044 1.584
APTT 3.809 1.14 11.147  0.001 1.654 0.684 2.625
T 3.066 1.032 8.834 0.003 1.331 0.453 2.210

Notes: PT, Prothrombin Time; APTT, Activated Partial Thromboplastin Time; TT, Thrombin Time.

Points L L L L L L

surgery times are typically

Age (year)

245 years
J

<45 years

associated with more intricate
and extensive procedures,
0 while abnormal coagulation

Schatzker typing I

Operation time (min)

il function can elevate the risk
2995 of postoperative bleeding or

<995

APTT (s)

<285

TT(s) r
<13.5

Total Points

thrombosis [24]. The interplay
of these factors is crucial as
they collectively influence the
overall recovery process.

on
‘8‘-

Linear Predictor

Multivariate logistic regres-
sion analysis in this study

Risk

rTrr
0.2 0406 0.8

Figure 3. Nomogram for predicting the outcomes of early rehabilitation train-
ing in patients after tibial fracture surgery. Notes: APTT, Activated Partial

Thromboplastin Time; TT, Thrombin Time.

overall quality of life and reducing long-term
disability. In this context, early coagulation test-
ing and dynamic monitoring of coagulation indi-
cators could be valuable in early rehabilitation
training [10]. Coagulation disorders can impact
recovery and prognosis, especially in patients
with heart failure [8, 9]. In our study, univariate
analysis revealed that the poor rehabilitation
group had a significantly higher number of
patients aged >45 years and those with higher
Schatzker grades compared to the good reha-
bilitation group. Additionally, this group had lon-
ger surgery times and elevated levels of PT,
APTT, and TT. These findings suggest that age,
fracture severity, surgery duration, and coagu-
lation function are key factors influencing reha-
bilitation outcomes. As patients age, their met-
abolic rate and self-healing abilities tend to
decline, impacting their recovery process [21].
Furthermore, increased fracture severity often
indicates more complex fracture patterns and
greater soft tissue damage [22, 23]. Longer
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identified APTT, prolonged TT,
longer operation time, and
higher Schatzker classifica-
tion as significant risk factors
impacting rehabilitation out-
comes. Coagulation function
plays a critical role in both the
surgical and rehabilitation processes, with
APTT and TT serving as important indicators of
coagulation system function. Prolonged APTT
and TT times may reflect abnormal coagulation
function, increasing the risk of postoperative
bleeding and thrombus formation, potetially
delaying rehabilitation. These coagulation
abnormalities may require additional monitor-
ing and intervention to prevent postoperative
complications and ensure a smooth rehabilita-
tion process [25].

The duration of surgery is often related to the
complexity and difficulty of the procedure.
Longer operations may indicate more complex
surgeries, resulting in increased tissue trauma
and blood loss [26]. Patients with tibial shaft
fractures who underwent open reduction and
internal fixation were reportedly more prone to
surgical site complications, such as incision
dehiscence and infections, compared to those
who underwent intramedullary nail insertion
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[27]. Prolonged operation time may also in-
crease the risk of postoperative complications,
such as infection, bleeding, or blood clots,
adversely affecting early recovery and extend-
ing the rehabilitation process.

Schatzker classification is a critical indicator
for evaluating the severity of tibial plateau frac-
tures. Higher classifications indicate more
severe fractures, potentially requiring more
complex surgical management. A recent study
identified Schatzker type V and VI fractures,
along with prolonged intraoperative ischemia,
as risk factors for postoperative infection fol-
lowing tibial plateau fractures [28]. These fac-
tors may delay recovery and increase the risk of
complications, necessitating more sophisticat-
ed surgical techniques and closer postopera-
tive monitoring and rehabilitation to ensure a
smooth recovery.

By considering these four factors, we can bet-
ter understand patients’ rehabilitation needs
and potential risks following tibial fracture sur-
gery, enabling the development of personalized
rehabilitation programs and more accurate
evaluation of their effectiveness. Through in-
depth analysis of these risk factors, we can
improve the design and optimization of rehabili-
tation programs and enhance patient out-
comes. ROC curve analysis showed that the
AUC for surgery duration, PT, APTT, and TT were
all greater than 0.7, indicating their predictive
value for recovery outcomes and their associa-
tion with factors such as surgical complexity,
coagulation function abnormalities, and post-
operative bleeding risks.

A nomogram is a practical statistical tool widely
used in medical and health research. It visually
represents the impact of multiple variables on
a specific outcome, making the results easily
understandable, even for non-experts [29-31].
In our study, we successfully constructed a risk
model nomogram based on multivariate logis-
tic regression analysis to predict the efficacy of
early rehabilitation training for patients after
tibial fracture surgery. The model exhibited high
accuracy (C-index: 0.980), providing a valuable
tool for clinical practice in developing individu-
alized rehabilitation plans and monitoring str-
ategies.

However, this study has limitations, including
its retrospective design, small sample size, and

4900

the absence of standardized evaluation criteria
for rehabilitation effectiveness. Future research
should focus on increasing the sample size,
employing prospective study designs, and
developing standardized evaluation criteria.
Additionally, calibration curves and external
validation should be considered to interpret
and generalize the findings. Although the risk
model nomogram shows high accuracy, it
requires validation in a broader patient popula-
tion. The single-center and single-ethnic sam-
ple of this study may limit its generalizability.
Future research should include multi-center
and multi-ethnic studies to explore different
rehabilitation training methods and interven-
tions, optimizing programs, and improving reha-
bilitation outcomes and quality of life.

In summary, APTT, prolonged TT, extended
operation time, and higher Schatzker classifi-
cation were identified as independent risk fac-
tors affecting early recovery for patients after
tibial fracture surgery. A precise prediction
model based on logistic regression was estab-
lished, offering a practical tool for developing
individualized rehabilitation training programs.
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