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Abstract

Purpose: The aim of this study was to quantify the incidence of and identify independent risk factors for decreased
range of motion (ROM) of the knee joint after surgery for closed tibial plateau fractures in adults.

Methods: This retrospective study was performed at the trauma centre in our hospital from January 2018 to
December 2019. Data from adult patients with tibial plateau fractures treated by surgery were extracted from the
electronic medical records. A total of 220 tibial plateau fracture patients were enrolled. We extracted the patients’
demographic characteristics, fracture characteristics, and surgery-related variables. Univariate and multivariate
logistic regression models were used to investigate the potential independent risk factors.

Results: Fifty-seven patients developed decreased ROM of the knee joint at the 1-year follow-up in this study. The
overall incidence was 25.9%. The independent predictors of decreased ROM after surgery, as identified in the
multivariate analysis, were orthopedic polytrauma (odds ratio = 3.23; 95% CI = 1.68–6.20; p = 0.000), fracture type
(Schatzker V-VI) (odds ratio = 2.52; 95% CI = 1.16–5.47; p = 0.019), and an open reduction and internal fixation
approach (odds ratio = 2.10; 95% CI = 1.07–4.12; p = 0.031).

Conclusions: The study confirmed that patients with orthopaedic polytrauma, more complex fractures and those
treated with open reduction and internal fixation (ORIF) surgery were more likely to suffer decreased ROM of the
knee joint 1 year after surgery.
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Background
Surgical treatment is the most common method to treat
tibial plateau fractures. With the continuous develop-
ment of surgical techniques and internal fixation mate-
rials, an increasing number of studies have reported
good outcomes after surgical treatment of tibial plateau
fractures. However, there are still postoperative compli-
cations that affect the short- or long-term prognosis of
patients experiencing tibial plateau fracture [1, 2].
Among these complications, decreased range of motion
(ROM) of the knee joint is one of the important factors
affecting function after surgery. Lack of the ROM of the
knee joint will affect the function of the joint, which will
have an important impact on the work and life of the
patient after surgery, such as reduced physical flexibility
and reduced motor function [3]. Previous studies re-
ported that the incidence of joint stiffness (ROM < 90°)
was up to 7% after tibial plateau fractures, so the inci-
dence of a decreased ROM (less than normal) of the
knee joint was higher after surgery [4, 5]. Another study
reported that 21% of patients still had residual flexion
deformity after 1 year of tibial plateau fracture open re-
duction and internal fixation (ORIF) surgery, which se-
verely affected their return to work, especially manual
workers or athletes. Some patients even needed a second
surgical intervention to improve knee joint function. Al-
though there have been many studies on ROM after
knee joint surgery in the past, most of them have fo-
cused on the decreased ROM after total knee replace-
ment and ligament injury [6–11]. To our knowledge,
there have been no studies specifically targeting de-
creased ROM of the knee joint after surgery for tibial
plateau fractures.
Given the above information, we designed this retro-

spective study with two aims: first, to describe the inci-
dence of decreased ROM of the knee joint after surgery
at the 1-year follow-up and second, to investigate the re-
lated risk factors for the occurrence of decreased ROM
of the knee joint.

Methods
Our retrospective investigation identified adult patients
(18 years or older) with acute closed tibial plateau frac-
tures treated by surgery at the trauma center in our hos-
pital from January 2018 to December 2019 who had a
postoperative follow-up of at least 1 year. The exclusion
criteria were open fractures, pathological fractures
caused by other diseases, treatment with conservative
methods, patients with a previous history of knee osteo-
arthritis, incomplete medical data, incomplete follow-up,
fractures around a prosthesis, and postoperative clinical
adverse events such as infection, nonunion, or delayed
union.

Perioperative management
We performed temporary plaster external fixation and
highly immobilized the affected limb before surgery.
Prophylactic antibiotics were administered intravenously
30 min before surgery according to guideline recom-
mendations [12]. All patients were provided a list of re-
habilitation exercises after surgery, which included a
continued emphasis on the ROM of the knee joint and
muscle-strengthening exercises; furthermore, weight
bearing was kept to a minimum with the use of two
crutches for 8 to 12 weeks in all patients. During their
stay in the hospital, patients are guided by a specialized
rehabilitation trainer for functional exercise. After dis-
charge, researchers provided continued functional exer-
cise guidance to patients through telephone follow-ups.

Postoperative follow-up
All patients returned to the hospital at 3 months, 6
months, and 1 year after surgery. X-ray examination was
performed to confirm fracture healing, and postoperative
knee joint recovery was recorded by the researchers.
Clinical function and radiographic outcomes were evalu-
ated, and the ROM of the knee joint was recorded by
two specially trained orthopaedic surgeons. The specific
method of measurement was to use a universal goniom-
eter to measure the ROM. By aligning the fixed arm and
movable arm of the goniometer with specific bone
marks on both sides of the joint, the degree of ROM
could be measured in degrees [13]. To accurately analyze
the factors associated with a decreased ROM of the knee
joint, we used data from 12 months postoperation for
statistical analysis. Patients with complete data were in-
cluded in this retrospective investigation.

Definition of decreased ROM of the knee joint
We performed knee hospital for special surgery (HSS)
[14] and American Knee Society knee score (KSS) [15]
assessments on each patient who returned to the hos-
pital for review, and a dedicated team of surgeons was
assigned to measure the ROM of the knee joint. The
normal ROM of the knee joint is approximately 0–150°,
as previously reported in the literature [16]. According
to the HSS and KSS, the normal ROM of the knee joint
after surgery should be 0–144° and 0–125°, respectively.
Referring to the minimum value of the normal ROM, we
defined a decreased ROM as an ROM of the knee joint
that was less than 125° at the 1-year follow-up.
This study was approved by the Institutional Review

Board of our hospital before its commencement.

Data collection and variables
All information of interest was extracted from the elec-
tronic medical records, including the demographic char-
acteristics, injury-related variables, and surgery-related
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variables. Demographic information, including age, sex,
weight, height, chronic diseases (hypertension, diabetes
mellitus, cerebrovascular disease, chronic heart disease),
residential area (rural or urban), history of any surgery,
allergic history, smoking status, and alcohol consump-
tion, was extracted and documented.
Body mass index (BMI) was calculated by dividing

weight (kg) by the square of height (meters), and BMI
was divided into four groups according to Chinese stan-
dards [17]: normal, 18.5–23.9; underweight, < 18.5; over-
weight, 24–27.9; obese and morbidly obese, ≥ 28.
The fracture characteristic variables included the in-

jury mechanism (low or high energy), injury type (close
or open), side involved, fracture classification (Schatzker
classification system), and orthopedic polytrauma (more
than one site of fracture). Low-energy injuries were de-
fined as falls from standing height, while high-energy in-
juries were defined as traffic accidents, falls from a
height and sports injuries.
Surgery-related variables included preoperative dur-

ation, anesthesia pattern, ASA grade (American Society of
Anaesthesiologists), presence of deep vein thrombosis
(intermuscular vein thrombosis), operative duration,
closed reduction, and minimally invasive internal fixation
or open reduction internal fixation (ORIF), intraoperative
blood loss, intraoperative blood transfusion, and bone
grafting. The preoperative duration was defined as the
time from injury to surgery and divided into two groups:
1, ≤ 7 days and 2, > 7 days. Anesthesia patterns were di-
vided into regional anesthesia and general anesthesia. The
operative duration was also divided into two groups: 1, ≤
120 min and 2, > 120 min. Intraoperative blood loss was

divided into two groups: 1, ≤ 400 ml and 2, > 400 ml. The
bone grafting pattern was divided into autografts and
allografts.

Minimally invasive surgical technique
It should be noted that in the closed reduction and min-
imally invasive internal fixation group, we used a double
reverse traction reduction device and special tools that
were originally designed at our centre. The surgical proce-
dures have been described in detail in previous literature
[18]. For the treatment of articular surface compression
displacement, we determined the collapse site according
to preoperative X-ray and CT scans. The depressed frag-
ments were elevated with a customized bone tamp via the
tunnel created by step drills. The reduction process was
monitored by anteroposterior and lateral positions of C-
arm fluoroscopy, and the bone compression block was
tapped. After the collapse and displacement of the articu-
lar surface was reduced, autologous iliac bone was taken
and inserted into the bone tunnel to support the subchon-
dral bone and articular surface. For widening the displace-
ment of the articular surface, 1–2 compression bolts with
special slots were inserted into the nearest proximal holes
of the two plates to restore the width of the tibial plateau.
Finally, minimally invasive percutaneous plate osteosynth-
esis (MIPPO) was performed using a locking compression
plate (LCP) designed for the proximal tibia in both antero-
posterior and lateral fluoroscopy (Fig. 1). The bidirectional
reductor was removed and arthroscopic evaluations were
carried out to check the quality of intra-articular reduc-
tion. Satisfactory reduction of the fracture was observed
arthroscopically. (Fig. 1E)

Fig. 1 Close reduction minimally invasive surgery procedures. A Demonstration of the interaction forces acting on the distal tibia and supracondylar femur. B
Percutaneous reduction of depressed fragments with the top rod. C The insertion of autogenous bone graft to support the articular surface. D The position of
fracture reduction and internal fixation was confirmed to be satisfactory. E After fluoroscopic reduction and internal fixation, arthroscopy showed that the
medial and lateral articular surfaces were almost anatomically reduced. F Seven minimal incisions after the operation, four for percutaneous insertion of plates,
one for indirect reduction of depressed fragments, and two for arthroscopic inspection
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Statistical analysis
According to our pre-statistical method [19], Student’s t
test and the Mann-Whitney U test were used for con-
tinuous variables (depending on whether the data for the
variable were normally distributed), and the threshold
for significance was p < 0.05. A univariate analysis was
used to evaluate the relationship between each categor-
ical variable and the decreased ROM of the knee joint.
Then, the variables that were significant in the univariate
analyses to predict the decreased ROM of the knee joint
were included in the multivariate logistic regression ana-
lysis model, and the independent predictors of the de-
creased ROM of the knee joint were finally determined.
The goodness of fit of the model was tested using the
Hosmer-Lemeshow test, and p > 0.05 was an acceptable
goodness of fit.

Results
Characteristics of the study sample
Overall, the data of 282 patients with tibial plateau frac-
tures were collected. Ten patients were excluded because
they were under 18 years old; 10 had incomplete medical
data; 10 were lost to follow-up; 12 had open fractures; 4
had pathological fractures; 6 cases were diagnosed as peri-
prosthetic fractures; 8 underwent nonsurgical treated; 10
had a previous history of knee osteoarthritis; and postop-
erative infection occurred in 4 patients. However, no frac-
tures progressed to nonunion. Finally, data from 220
patients were analyzed in this study (Fig. 2). Of these

patients, 154 were male and 66 were female, with a mean
age of 42.2 years (range from 18 to 74). Left-side tibial
plateau fractures were involved in 125 patients, and right-
side fractures were involved in 95 patients. The injuries of
136 patients were caused by a high-energy damage mech-
anism. There were 85 patients injured in traffic accidents,
23 patients who fell from a height, 13 patients with sport-
ing injuries and 11 patients who had other injuries. Of the
220 patients, 80 had more than one fracture (which we de-
fined as orthopaedic polytrauma). According to the
Schatzker classification system, the corresponding num-
bers of type I, II, III, IV, V, and VI fractures were 57, 74,
24, 27, 16, and 22, respectively. Ninety-seven patients were
treated with close reduction and minimally invasive in-
ternal fixation, and 123 patients were treated with ORIF.

Characteristics of decreased ROM of the knee joint
According to the assessment form, the average ROM of
the knee joint score of the patients reviewed at least 1
year after surgery was 136°. The ROM score ranged from
64 to 144°. After a minimum of 1 year follow-up, there
were 57 patients with varying degrees of decreased
ROM, accounting for 25.9% of the total participants.
There were no significant differences between the pa-

tients with decreased ROM of the knee joint and the pa-
tients without decreased ROM of the knee joint in terms
of age (41.2 vs 42.6 years, p = 0.067), intraoperative
blood loss (303.5 vs 263.5 ml, P = 0.817) or operation
duration (141.7 vs 145.4 min, P = 0.106). However, a

Fig. 2 The flow chart for the selection of study participants

Li et al. Journal of Orthopaedic Surgery and Research          (2021) 16:549 Page 4 of 9



significant difference in the length of the preoperative
stay was observed (7.7 vs 6.3 days, P = 0.023). Patients
with decreased ROM of the knee joint had a prolonged
mean length of hospitalization (7.7 days) compared to
those without decreased ROM of the knee joint (24.2 vs
16.5 days, P < 0.001). These results are presented in
Table 1.

Univariate and multivariate analyses
In univariate analysis, 25 variables including age, comor-
bidity, allergy history, place of residence, smoking, drink-
ing, body mass index, injury mechanism, fracture type,
thrombosis of lower limb, interval, anesthesia methods,
ASA, operation method, whether intraoperative bone
graft, operation time, intraoperative bleeding, and blood
transfusion are included in the model. Factors that sig-
nificantly increased the risk of decreased ROM of the
knee joint in univariate analysis were preoperative dur-
ation, deep vein thrombosis, orthopedic polytrauma,
fracture type (Schatzker V-VI), and ORIF (Table 2).
The multivariate analysis results showed that ortho-

pedic polytrauma (OR = 3.231; 95% CI 1.684–6.196; p =
0.000), fracture type (Schartzker V–VI) (OR = 2.521;
95% CI 1.162–5.471; p = 0.019), and ORIF (OR = 2.09;
95% CI 1.068–4.124; p = 0.031) were associated with de-
creased ROM of the knee joint (Table 3). The Hosmer-
Lemeshow test showed adequate fitness (χ2 = 8.168; p =
0.086), and the Omnibus tests of model coefficients also
showed the model made sense overall (χ2 = 26.315; p =
0.000).

Discussion
To determine the incidence and risk factors for decreased
ROM of the knee joint after surgery for closed tibial plat-
eau fractures, we conducted this study and showed that
the overall incidence of decreased ROM of the knee joint
was 25.9% after a minimum 1 year follow-up in adults. In-
dependent risk factors included orthopedic polytrauma,
fracture type (Schatzker V–VI), and ORIF.
Orthopaedic polytrauma as a significant risk factor for

decreased ROM of the knee in fractures of the tibial
plateau has been confirmed in the previous literature
[20, 21]. Such patients have a 3–6 times greater risk of

experiencing decreased ROM after surgery than patients
with a single fracture. Their results were similar to ours
(P = 0.000 or P = 3.231). At the follow-up conducted ap-
proximately 1 year after surgery, the percentage of de-
creased ROM of the knee joint in patients with
orthopedic polytrauma was 40.4% (37/92), which was
much higher than that in patients with a single site of
tibial plateau fracture (15.6%; 20/128).
Thus, orthopedic polytrauma is a factor that affects

the ROM of the knee joint after surgery due to the fol-
lowing. First, to allow patients with orthopedic poly-
trauma to safely tolerate surgical anesthesia, compound
injuries in other parts might be treated as a priority be-
fore surgery at the main fracture site. Thus, the time
interval before surgery and bed occupancy time in-
creased [22, 23]. Second, if patients needed surgical
treatment for multiple fracture sites and could not
undergo multiple surgical procedures at the same time,
patients were treated with staged surgical treatment.
This also prolonged the patient’s hospital stay and bed
occupancy time and delayed the patient’s rehabilitation
exercise. Finally, due to the high incidence of complica-
tions, such as thrombosis and infection, patients with
orthopaedic polytrauma were treated with limb
immobilization, and the postoperative treatment period
was longer. Thus, the postoperative care and rehabilita-
tion plan was more complex and full of uncertainty in
this circumstance [24]. Considering the adverse effect of
the above factors, we should pay more attention to pa-
tients with orthopedic polytrauma and complete com-
prehensive evaluations before surgery, thereby selecting
the best surgery time, formulating a reasonable postop-
erative rehabilitation plan, and minimizing the adverse
impact of orthopaedic polytrauma on the ROM of the
knee joint after surgery.
The concept of fracture type (Schatzker V–VI) affect-

ing the ROM of the knee joint after surgery has also
been well studied in previous investigations. Yao et al.
[25] discovered that the more complex the fracture type
was, the worse the clinical outcome. Hap et al. reported
that patients with Type I–IV injuries had a significantly
higher SF-36 score than patients with Type V-VI injuries
[26]. Bradley et al. [21] confirmed that patients with

Table 1 Comparison of continuous variables in patients with and without decreased ROM

Variables Patient without limited ROM
(mean, standard deviation)
(n = 163)

Patient with limited ROM
(mean, standard deviation)
(n = 57)

P

Age (years) 42.6 (9.8) 41.2 (11.3) 0.400

Preoperative stay (days) 6.3 (4.3) 7.7 (6.3) 0.057

Intraoperative blood loss (ml) 287.8 (184.7) 303.5 (262.6) 0.623

Operation duration (minutes) 145.4 (59.9) 141.7 (45.8) 0.667

Hospital stay (days) 16.5 (7.8) 24.2 (29.7) 0.003 *

*Significant variables
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Table 2 Univariate analyses of risk factors associated with decreased ROM after surgery of tibial plateau fracture

Variables Number (%) of limited ROM
(n = 57)

Number (%) of without limited ROM
(n = 163)

P

Age (years) 0.599

18–40 25 (43.9) 65 (39.9)

41–60 32 (56.1) 98 (60.1)

Diabetes mellitus 5 (8.8) 17 (10.4) 0.720

Hypertension 11 (19.3) 27 (16.6) 0.638

Cerebrovascular disease 0 (0.0) 3 (1.8) 0.302

Chronic heart disease 3 (5.3) 7 (4.3) 0.762

History of any surgery 7 (12.3) 17 (10.4) 0.700

Allergy to any medications 1 (1.8) 11 (6.7) 0.153

Living area 0.555

Rural 33 (57.9) 87 (53.4)

Urban 24 (42.1) 76 (46.6)

Current smoking 7 (12.3) 36 (22.1) 0.108

Alcohol consumption 4 (7.0) 27 (16.6) 0.075

Preoperative duration (days) 0.030*

1–7 32 (56.1) 117 (71.8)

> 7 25 (43.9) 46 (28.2)

Deep vein thrombosis 14 (24.6) 21 (12.9) 0.038*

Intermuscular vein thrombosis 1 (1.8) 2 (1.2) 0.768

BMI (kg/m2) 0.331

18.5–23.9 19 (33.3) 62 (38.0)

< 18.5 1 (1.8) 0 (0.0)

24–27.9 24 (42.1) 70 (42.9)

≥ 28.0 13 (22.8) 31 (19.0)

Anesthesia (general) 35 (61.4) 97 (59.5) 0.802

Orthopedic polytrauma 37 (64.9) 55 (33.7) 0.000*

Mechanism (high-energy) 40 (70.2) 96 (58.9) 0.131

Fracture type (Schartzker) 0.004*

I–IV 40 (70.2) 142 (87.1)

V–VI 17 (29.8) 21 (12.9)

Closed or open reduction procedures 0.027*

ORIF 39 (68.4) 84 (51.5)

CRMIIF 18 (31.6) 79 (48.5)

Bone grafting (yes) 16 (28.1) 44 (27.0) 0.875

Bone graft type 0.943

Autograft 11 (19.3) 32 (19.6)

Allograft 5 (8.8) 12 (7.4)

Operative duration (min) 0.726

1–120 24 (42.1) 73 (44.8)

> 120 33 (57.9) 90 (55.2)

Intraoperative blood loss (ml) 0.770

1–400 51 (89.5) 148 (90.8)

> 400 6 (10.5) 15 (9.2)
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Schatzker V–VI fractures were more than 3 times more
likely to require surgical intervention because of knee
stiffness after surgery.
In our study, patients with Schatzker type V–VI frac-

tures were more than twice as likely to have a decreased
ROM compared with patients with other fracture types
(OR, 2.521; 95% CI, 1.16–5.47; P = 0.019), and this esti-
mate was comparable to those reported in previous
studies. Schatzker V–VI tibial plateau fractures are com-
plex injuries that are difficult to treat. This kind of frac-
ture is characterized by the involvement of internal and
external articular surfaces accompanied by metaphyseal
separation of joint fragments. In addition, these fractures
are usually caused by high-energy trauma [27, 28]; thus,
damage to the surrounding soft tissue is severe and the
incidence of postoperative joint stiffness increases [29,
30]. It is also important to point out that this type of
fracture is often associated with a number of accessory
structure injuries, such as ligamentous and meniscal
tears, in addition to cartilaginous damage. Stahl et al.
[31] confirmed that 30% of these fractures were associ-
ated with a torn meniscus that required surgical man-
agement. Mui et al. [32] found that meniscal tears were
seen in 22% of these fractures, and ligament disruption
was seen in 43% to 80% of these fractures. These
fracture-related complications increased the incidence of
decreased ROM of the knee joint after surgery. This
conclusion was also verified in our study. Among the 38
patients with Schatzker V–VI fractures in our survey, 17
patients developed decreased ROM postoperatively, indi-
cating that the incidence was 44.7% (17/38). In

summary, the postoperative recovery of joint function in
patients with Schatzker V–VI fractures requires in-
creased attention from medical staff. To avoid the post-
operative decreased ROM of the knee joint, early
professional guidance for functional limb exercise is
necessary.
In our study, compared with conventional closed re-

duction and minimally invasive internal fixation, ORIF
was found to be one of the independent risk factors (OR
= 2.099; 95% CI, 1.068–4.124; P = 0.031) for decreased
ROM of the knee joint after surgery. We designed per-
cutaneous surgery procedures, including the use of an
originally designed double reverse traction reduction de-
vice and special tools, which could promote the close re-
duction of tibial plateau fractures. Compared with ORIF,
our minimally invasive surgery had the following advan-
tages. First, this surgical technique required only a few
2–3 cm surgical incisions, so there were fewer soft tissue
complications, such as postoperative surgical site infec-
tion and skin necrosis. In our study, the wound infection
rate following close reduction minimally invasive surgery
was 1.02% (1/98) and that of ORIF was 2.4% (3/126).
Second, the double reverse traction reduction device
could be used for continuous traction; therefore, the par-
tial reduction of the fracture could be achieved by trac-
tion of the joint capsule and the compression of soft
tissue without the need to open the joint capsule. Re-
garding the collapse and widening displacement of the
articular surface, we could achieve satisfactory reduction
through the use of special surgical instruments, such as
a top rod and compression bolts, and the results could

Table 2 Univariate analyses of risk factors associated with decreased ROM after surgery of tibial plateau fracture (Continued)

Variables Number (%) of limited ROM
(n = 57)

Number (%) of without limited ROM
(n = 163)

P

ASA class 0.696

I 10 (17.5) 23 (14.1)

II 35 (61.4) 110 (67.5)

III or above 12 (21.1) 30 (18.4)

Intraoperative blood transfusion 2 (3.5) 5 (3.1) 0.870

Abbreviations: ORIF open reduction and internal fixation, CRMIIF closed reduction and minimally invasive internal fixation, ASA American Society of
Anesthesiologists, BMI body mass index,
*Significant variables

Table 3 Multivariate analysis of factors associated with decreased ROM after surgery of tibial plateau fracture

Variables OR 95%CI (lower limit) 95%CI (upper limit) P

Orthopaedic polytrauma 3.231 1.684 6.196 0.000*

ORIF 2.099 1.068 4.124 0.031*

Fracture type (Schartzker V–VI) 2.521 1.162 5.471 0.019*

Preoperative duration (days) 1.692 0.860 3.330 0.128

Deep vein thrombosis 1.498 0.649 3.460 0.344

Abbreviations: ORIF open reduction and internal fixation
*Significant variables
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be verified under postoperative arthroscopy. Further-
more, because of the use of bone grafts under the articu-
lar surface and compression bolts, fracture reduction
was very stable, and patients did not need limb
immobilization after surgery, thereby enabling patients
to carry out early functional exercise and promote the
recovery of the knee joint. Third, compared with ORIF,
our surgical reduction was faster, the operation time was
shorter, and the blood loss was less, which was also re-
ported in previous studies [18, 33–35]. In practice, our
minimally invasive surgical techniques and reduction
tools are suitable for most types of tibial plateau frac-
tures. This original surgical technique provides a new
approach to the clinical minimally invasive treatment of
tibial plateau fractures with good clinical results.
This study had several limitations. First, the main limi-

tation of the retrospective cohort studies is that the re-
search question was formulated after data collection
therefore, potential confounders and variables may have
been missed from the model. Second, the follow-up time
of this study was relatively short, with an average of 12
months. In the future, prospective outcome studies
should be conducted to further explore the mid-term or
long-term effect of these risk factors on the postopera-
tive ROM of the knee joint.

Conclusion
The study confirmed that patients with orthopedic poly-
trauma, more complex fractures and those treated with
open reduction and internal fixation (ORIF) surgery,
were more likely to suffer a decreased ROM of the knee
joint 1 year after surgery.

Abbreviations
ROM: Range of motion; ORIF: Open reduction and internal fixation;
ASA: American Society of Anaesthesiologists; BMI: Body mass index
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