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Abstract: Objective: To investigate the correlation between short-term imaging techniques and long-term function
using receiver operating characteristic (ROC) curve after tibia fracture surgery. Methods: Seventy patients with tibia
fracture admitted to our hospital were selected as the study subjects, and were divided into a < 60 years old group
(n = 40) and a = 60 years old group (n = 30), a removed internal fixation group (n = 26) and a retained internal
fixation group (n = 44). The short-term imaging results, long-term function, the degree of pain, the range of ankle
joint motion, and the subjective satisfaction of patient care were scored and compared among the four groups. The
influencing factors of subjective satisfaction of patients were analyzed using logistic regression analysis. Results:
There were marked differences in the scores of Jakim, Garland & Werley scoring system, and Kofoed’s scale and
subjective satisfaction between the < 60 years old group and the > 60 years old group, and between the removed
internal fixation group and the retained internal fixation group (P < 0.05), but there was no remarkable difference
in visual analog scale (VAS) scores (P > 0.05). Spearman’s correlation analysis revealed a correlation between the
short-term imaging manifestations and the long-term function in tibia fracture patients, and the correlation was
remarkable in patients aged < 60 years without internal fixation (P < 0.05). Logistic correlation analysis showed
that Kofoed'’s scale scores were significantly correlated with patients’ subjective satisfaction (P < 0.05). Conclusion:
There is a correlation between early imaging and long-term function in tibia fracture patients, and the correlation
was remarkable in patients aged < 60 years and without internal fixation. The range of joint motion and degree of
pain are the primary influencing factors for evaluation of patients’ subjective satisfaction.
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Introduction tamination, which leads to delayed healing [2,
3]. Currently, surgery has been extensively im-
The tibia is a long bone located in the lower por- plemented for the clinical treatment of tibial
tion of the leg, which is composed of 3 parts: fractures. Physicians often select appropriate
upper end, lower end, and interceding shaft [1]. regimens in accordance with the type of frac-
The proximal end of tibia swells and protrudes tures and the degree of soft tissue injury. The
to both sides to form the medial and lateral therapeutic principle focuses on the restoration
ankles. Tibial fractures are the most common of the weight-bearing function of the legs and
long bone fractures, accounting for approxi- the parallel relationship between upper and
mately 10%-15% of SyStemiC fractures. Tibial lower articular surfaces [4, 5].
fractures may occur because the tibia’s close-
ness to the ground, resulting in a greater pos- In recent years, with the penetrating under-
sibility of its being subjected to adverse events standing of tibial fractures, more and more
(e.g., forcible hits and crushing). In addition, its scholars begin to investigate the correlation

minimal external muscles can lead to easy con- between functional restoration and imaging
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manifestations, and their understandings of
such correlation vary greatly [6, 7]. A study indi-
cates that the joint function will be seriously
affected if there is a displacement of 1 mm
between the joint surfaces after fracture sur-
gery [8]. Some scholars believe that even if
early imaging manifestations occur in arthritis
patients after surgery, there is no marked
change in the long-term joint function [9].
Based on a retrospective analysis of patients
with fractures of the tibial plateau, scholar
study has suggested that there is a significant
correlation between the early imaging results in
patients with fractures of tibial plateau after
surgery and the degrees of joint degeneration
during follow-ups [10]. However, study demon-
strates that early imaging results after surgery
cannot fully reflect the functional status of kn-
ee joint after fracture surgery, which should be
evaluated based on the actual conditions of
patients. The aforementioned studies describe
the long-term imaging results of patients’ joints,
focusing on the relationships between arthritis
and joint flatness and joint functions. However,
there is a lack of study on the influence of
patients’ individual factors on the functions
after fracture surgery [11].

This study aimed to explore the correlation
between short-term imaging manifestations
and long-term function after tibial fracture sur-
gery, with a view to identifying the optimal indi-
cators for evaluation of the prognosis of tibial
fracture patients, thereby providing a reference
for the determination of the best clinical inter-
vention protocol.

Materials and methods
General data

A total of 70 tibial fracture patients admitted to
our hospital from January 2018 to October
2020 were selected as the study subjects,
including 41 males and 29 females aged 18-78
years and weighing 62-83 kg, with an average
age of (49.18 + 2.33) years and an average
weight of (73.98 + 3.22) kg. The subjects were
followed up for 2-30 months, with an average
follow-up duration of (15.44 + 2.10) months.

Inclusion criteria: patients (1) diagnosed with
tibial fractures by imaging examination; (2) with
clear consciousness and ability to cooperate
with the investigation; (3) with complete medi-
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cal records; (4) aged >18 years; (5) with unilat-
eral tibial fractures. The present study was ap-
proved by the Ethics Committee of Jinggang-
shan University Affiliated Hospital. All study
participants provided written informed consent
before participating in the study.

Exclusion criteria: patients (1) with mental ill-
ness; (2) complicated by severe malignant tu-
mors, hematologic diseases or connective tis-
sue diseases; (3) complicated by severe renal
and hepatic dysfunction; (4) complicated by
hematological diseases; (5) with poor compli-
ance with the investigation; (6) with pathologic
fractures; (7) complicated with underlying he-
alth conditions that seriously affected the in-
vestigation.

Rejection criteria: (1) loss to follow up during
the investigation; (2) voluntary withdrawal dur-
ing the investigation.

Intervention methods

The short-term imaging results (30 days after
surgery), long-term function (3 months after
surgery), degrees of pain (3 months after sur-
gery), range of joint motion (3 months after sur-
gery) and subjective satisfaction (3 months
after surgery) of subjects were evaluated. The
short-term imaging results were evaluated us-
ing Jakim. Jakim can be used to evaluate sub-
jects from five aspects, such as joint surface
unevenness and fracture line alignment. The
total score of the scale is 100 points. A higher
score indicates better imaging indicators [12].
The long-term function was evaluated using the
Garland & Werley scoring system. Garland &
Werley scoring system consists of four major
items, including patients’ evaluation of their
restricted activities or loss of function and phy-
sicians’ evaluation of joint flexion and extension
and rotation. The total score of the scale is 20
points. A lower score indicates a better joint
function [13]. The degrees of pain were evalu-
ated by visual analog scale (VAS). VAS, a com-
monly used tool for evaluation of degrees of
pain clinically, comprises a straight line of 0-10
cm. Zero indicates painless, and 10 indicates
severe pain. Subjects were asked to select a
point on the scale to represent their degree of
pain based on their conditions [14]. The joint
function was evaluated by Kofoed’s scale. Ko-
foed’s scale is composed of three dimensions:
function, range of motion and pain. The total
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Figure 1. Differences in imaging resluts, long-term
function and related indicators in tibial fracture pa-
tients with different ages. The scores of Jakim, Ko-
foed’s scale and subjective satisfaction of patients
aged < 60 years were significantly higher than those
of patients aged > 60 years (P < 0.05), while Garland
& Werley scores of patients aged < 60 years were
remarkably lower than those of patients aged > 60
years (P < 0.05). There was no significant difference
in VAS scores between the two groups (P > 0.05). *#
indicates a statistically significant difference in the
same indices between the two groups before and af-
ter surgery.

score is 100 points, and 85-100 points indi-
cates excellent function, 75-84 points indi-
cates good function, 70-74 points indicates
qualified function, and < 70 points indicates
poor function [15]. The subjective satisfaction
was evaluated using the scale prepared by the
hospital. The scale was primarily adopted for
evaluation of patients’ satisfaction with treat-
ment and restoration of joint function. The to-
tal score of the scale is 100 points. A higher
score indicates a higher level of satisfaction.

Observational indices and assessment criteria

The difference in the short-term imaging re-
sults, long-term function, degree of pain, joint
function and satisfaction between the < 60
years old group (n = 40) and the > 60 years old
group (n = 30) and between the removed inter-
nal fixation group (n = 26) and the retained
internal fixation group (n = 44), and the correla-
tions between the aforementioned indicators
were the observational indices. Finally, the
short-term imaging manifestations and long-
term function in the four groups were explored
through plotting the receiver operating charac-
teristic (ROC) curves.

Statistical analysis

The collected data were input into an EXCEL
table, and SPSS 22.0 was adopted for statisti-
cal analysis. GraphPad Prism 8 was used to
illustrate the figures. The collected data were
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detected using a normal distribution. The data
conforming to a normal distribution were ex-
pressed as [n (%)]. The differences between
groups were analyzed using chi-square test.
The measurement data were expressed using
mean + standard deviation (mean + SD). The
differences between groups were analyzed us-
ing t test, and Spearman’s correlation analysis
was performed. P < 0.05 indicated a statisti-
cally significant difference [16].

Results

Differences in imaging results, long-term func-
tion and related indicators in tibial fracture
patients with different ages

The patients were divided into a < 60 years old
group (n = 40) and a > 60 years old group (n =
30) based on ages, and the indicators were
evaluated. The results suggested that the sc-
ores of Jakim and Kofoed’s scale and subjec-
tive satisfaction of patients aged < 60 years
were markedly higher than those of patients
aged = 60 years (P < 0.05), while Garland &
Werley scores of patients aged < 60 years were
significantly lower than those of patients aged
> 60 years (P < 0.05). There was no statistically
significant difference in VAS scores between
the < 60 years old group and the > 60 years old
group (P > 0.05) (Figure 1 and Table 1).

Differences in imaging results, long-term func-
tion and related indicators in tibial fracture
patients treated with different internal fixation
methods

The patients were divided into a removed inter-
nal fixation group (n = 26) and a retained inter-
nal fixation group (n = 44) based on internal
fixation methods. The imaging results, long-
term function and related indicators were
compared between the two groups. The results
exhibited that the scores of Jakim and Kofo-
ed’s scale and subjective satisfaction in the
removed internal fixation group were signifi-
cantly higher than those in the retained inter-
nal fixation group (P < 0.05), while Garland &
Werley scores were notably lower than those
in the retained internal fixation group (P <
0.05). There was no statistically significant dif-
ference in VAS scores (P > 0.05) (Table 2 and
Figure 2).
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Table 1. Differences in imaging results, long-term function and related indicators in tibial fracture

patients with different ages (mean + SD)

Group n Jakim  Garland & Werley
< 60 years old group 40 15.44 + 3.22
> 60 years old group 30 18.29 + 2.98
X? - 5.808 3.782

P - <0.001 <0.001

VAS Kofoed Subjective satisfaction
4.89+1.02 83.29 +3.22 87.19 + 4.33
5.01£0.98 78.98 +£2.98 80.18 + 3.98

0.495 5.72 6.936
0.622 <0.001 <0.001

Table 2. Differences in imaging results, long-term function and related indicators in tibial fracture
patients treated with different internal fixation methods (mean + SD)

Group n Jakim Garland & Werley VAS Kofoed

Subjective
satisfaction

Removed internal fixation group 26
Retained internal fixation group 44
X2 - 2.271
P - 0.026

16.29+298 4.98+1.02 83.88+2.98 88.87 +3.98

1798 +3.01 5.01+0.78 79.98+2.88 83.29+2.98
2.278 0.138 5.405 6.67
0.026 0.891 <0.001 <0.001

Em Remove the intemal fixation
100+ # =3 Internal fixation not removed " #

Jakim Garland & Werley VAS Kofoed Satisfaction

Figure 2. Differences in imaging results, long-term
function and related indicators in tibial fracture pa-
tients treated with different internal fixation meth-
ods. The scores of Jakim and Kofoed’'s scale and
subjective satisfaction of patients without internal
fixation were noticeably higher than those of patients
with internal fixation (P < 0.05), while Garland & Wer-
ley scores of patients without internal fixation were
significantly lower than those of patients with inter-
nal fixation (P < 0.05). There was no significant dif-
ference in VAS scores between the two groups (P >
0.05). * indicates a statistically significant difference
in the same indices between the two groups before
and after surgery.

Correlation analysis of short-term imaging re-
sults, long-term function and other indicators

Spearman’s correlation analysis of the scores
of Jakim, Garland & Werley scoring system,
VAS, and Kofoed’s scale and subjective satis-
faction was performed. The results demon-
strated that Jakim scores were significantly cor-
related with Garland & Werley scores (r =
-0.676, P < 0.05) and the scores of VAS and
Kofoed’s scale (r =-0.671, r = 0.678, P < 0.05),
but Jakim scores were not remarkably correlat-
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ed with subjective satisfaction (r = 0.343, P >
0.05). Garland & Werley scores were remark-
ably correlated with the scores of VAS and
Kofoed’s scale (r = 0.559, r =-0.674, P < 0.05),
but Garland & Werley scores were not remark-
ably correlated with subjective satisfaction (r =
-0.379, P > 0.05) (Table 3).

Analysis of influences of age and internal fixa-
tion status on the correlation between short-
term imaging results and long-term function

The patients were grouped based on age and
internal fixation status, and their short-term
imaging results and long-term function were
evaluated. Eventually, the ROC curve analysis
showed that the area under curve (AUC) of ROC
of patients aged < 60 years was 0.7711 (95%
Cl: 0.5925-0.9497, P < 0.05), while that of
patients without internal fixation was 0.7488
(95% Cl: 0.5690-0.9287, P < 0.05) (Figure 3).

Logistic multivariate regression analysis of
subjective satisfaction of tibial fracture pa-
tients

Multivariate regression analysis was conduct-
ed on the factors affecting subjective satisfac-
tion of tibial fracture patients. The results sug-
gested that the scores of VAS and Kofoed’s
scale were the independent factors affecting
patients’ subjective satisfaction, with patients’
subjective satisfaction set as a dependent vari-
able, and short-term imaging results, long-term
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Table 3. Correlation analysis of short-term imaging indicators, long-term function and other indicators

Group Jakim Garland & Werley VAS Kofoed Subjective satisfaction
Jakim 1 -0.676 -0.671 0.678 0.343
Garland & Werley -0.676 1 0.559 -0.674 -0.379
VAS -0.671 0.559 1 -0.378 -0.655
Kofoed 0.678 -0.674 -0.378 1 0.781
Subjective satisfaction 0.343 -0.379 -0.655 0.781 1
A e < 60 B -e Take out the internal fixation [19]. A study indicates that if
100 100 the shortened displacement
of patients’ fractures is 0.5-
~ 80 ~ 80 1.0 cm and even if there is
s 8 only slight axial displacement,
£ 60 £ 60 surgical intervention should
Zg 40 g 40 be implemented as soon as
S = possible, so as to reduce the
@ 29 9 20 incidence of postoperative jo-
int dysfunction [20].
0 r' L) 1 1 1 1 0 1- I I I 1 1
0 20 40 60 80 100 0 20 40 60 80 100

Specificity (%) Specificity (%)

Figure 3. Analysis of influences of age and internal fixation status on the cor-
relation between short-term imaging manifestations and long-term function.
The AUC of ROC of patients aged < 60 years was 0.7711 (95% Cl: 0.5925-
0.9497, P < 0.05) (A), while that of patients without internal fixation was

Currently, the clinical studies
of tibial fractures have mainly
focused on how to improve
the prognosis, restricted joint
motion and the quality of
life of patients [21]. Various

0.7489 (95% CI: 0.5690-0.9287, P < 0.05) (B).

Table 4. Logistic regression analysis of influencing factors of sub-
jective satisfaction of tibial fracture patients after surgery

scales and imaging examina-
tions have been widely used
to evaluate the intervention
effects on tibial fracture pa-
tients. However, with the pro-

Independent variable B SE Wald P OR motion and implementation
VAS 0.53 0.12 22.44  0.000 1.71 of the scales, some scholars
Kofoed 0.29 0.10 10.81 0.001 1.41 indicate that there are certain

function, VAS scores and joint function set as
independent variables (P < 0.05) (Table 4).

Discussion

The tibia is the main weight-bearing bone of the
lower limb [17]. With less coverage of soft tis-
sues (e.g., anterior muscles of lower leg) this
may lead to poor blood supply of the tibia, and
unstable fractures commonly occur among all
types of tibial fractures. Therefore, patients
with tibial fracture have a high incidence of
fracture infections and osteofascial compart-
ment syndrome [18]. Clinical results show th-
at tibial fractures account for approximately
13.7% of systemic fractures, and fracture pa-
tients often experience shortened or angular
displacements at the beginning of fractures
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errors in evaluating the status

of tibial fracture patients only
using scales. For example, Katz Adjustment
Scale (KAS) overemphasizes patients’ subjec-
tive feelings, and Humor Styles Scale (HSS) is
for people with high qualifications [22], which
to a certain extent restricts the evaluation of
the prognosis of tibial fracture patients, and
may even affect the normal treatment. There-
fore, it is necessary to seek an evaluation
method that is more closely associated with
the actual conditions of tibial fracture patients,
thereby providing a reference for the determi-
nation of the clinical therapeutic strategies.

In this study, different groups were establish-
ed, and the correlation between the short-term
imaging results and the long-term function was
evaluated using the ROC curve after tibial frac-
ture surgery. The comparisons among groups

Am J Transl Res 2021;13(6):6724-6730
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after grouping based on age and internal fixa-
tion methods showed that the < 60 years old
group and the removed internal fixation group
were superior to the > 60 years old group and
the retained internal fixation group in the short-
term imaging indicators and the indicators of
long-term function. A comparative study of 80
patients with tibial fracture exhibited that the
patients aged < 60 years had a shorter du-
ration of postoperative rehabilitation, shorter
hospital stay, lower therapeutic cost and fewer
complications, and the scholars believe that
this may be due to the better physical function
of patients aged < 60 years and their higher tol-
erance to trauma [23]. In the present study, the
correlation analysis using the ROC curve re-
vealed that the short-term imaging results of
patients aged < 60 years and patients without
internal fixation were more significantly related
to better long-term functions, which may be
due to the following reasons: (1) compared wi-
th patients aged < 60 years, patients aged >
60 years were more likely to be complicated by
other diseases, and the progression of previ-
ous diseases may affect postoperative rehabili-
tation. Patients aged < 60 years were generally
free from the influences of disease on their
postoperative indicators. A previous study has
shown that age is an important factor affecting
the rehabilitation of patients with orthopedic
diseases, and elderly fracture patients need
more clinical care [24], these results are con-
sistent with our study. (2) Patients aged > 60
years often experience declined cognitive abili-
ties to some extent, and tibial fracture patients
require systematic rehabilitation exercises to
restore their joint functions as much as possi-
ble. Patients aged > 60 years have better reha-
bilitation effects, but they have a slow rehabili-
tation process as a result of their own reasons,
which may be one of the reasons contributing
to the weak correlation between the scores of
Jakim and Garland & Werley [25]. (3) Patients
aged > 60 years tended to have a lower bone
density. Although the rehabilitation of tibial
fracture patients is less subjected to bone den-
sity compared with that of hip or spinal fracture
patients, massive studies and evidence-based
medicine have confirmed that the bone density
affects patients’ rehabilitation. (4) Although
internal fixation can play a fixing role, it can
affect the joint rehabilitation exercises of tibial
fracture patients. The early removal of internal
fixation devices can help patients avoid the
influences of implants on their joint functions.
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In regard to this, there is a significant correla-
tion between the scores of Jakim and Garland
& Werley in such patients [26].

Finally, the independent factors affecting the
subjective satisfaction of tibial fracture pa-
tients were analyzed using logistic regression.
The results suggested that the scores of VAS
and Kofoed’s scale were the independent fac-
tors affecting the subjective satisfaction of the
patients. The authors believe that the afore-
mentioned two indicators directly reflect the
joint function, and the patients believe in their
own feelings and joint activities rather than
systematically evaluating their own conditions.
This indicates that physicians need to focus on
improving the pain and range of joint motion of
patients during clinical intervention, so as to
facilitate the establishment of a harmonious
doctor-patient relationship.

In summary, there is a correlation between
early imaging results and long-term function in
tibial fracture patients, and the correlation is
remarkable in patients aged < 60 years and
without internal fixation. The range of joint
motion and degrees of pain are the main influ-
encing factors for evaluation of subjective sat-
isfaction of patients. The innovation of this
study lies in the implementation of the ROC
curve for the correlation analysis rather than
for disease diagnosis, and the investigation of
the factors affecting the correlation between
short-term imaging results and long-term func-
tion of tibial fracture patients through grouping,
thus providing a reference for clinical interven-
tion. The deficiency of this study is that it did
not evaluate the quality of life of tibial fracture
patients, and did not consider the influences of
patients’ underlying health conditions on the
intervention outcomes, which are planned to
be implemented in future studies.
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