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Effects of surgical approa
ches and morphological
characteristics on the follow up outcomes of
patients with posterolateral tibial plateau
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Abstract
This study aimed to study the effects of surgical approaches and identify themorphological characteristics associated with the 1-year
follow-up outcome of patients with posterolateral tibial plateau fractures after successful surgery.
We followed 200 postoperative patients for 1 year. The modified Hospital for Special Knee Surgery score (HSS score) was used to

evaluate the functional recovery of the knee. We supposed 4 morphological characteristics in CT images acting as possible risk
factors, including the anteroposterior diameters of posterolateral broken bone fragments (fragment-diameter), the damage to the
posterolateral cortex of the tibial head (cortex-damage), the combinational fracture of the proximal fibula (fibula-fracture) or fracture of
the medial tibial condyle (medial-condyle-fracture). Multivariate regression models were used to analyze the effect of these factors on
the HSS score after adjusting the 2 surgical approaches and other confounders.
The average HSS score was 85.1±5.8 for all the patients. We treated 155 patients with the anterolateral approach and 45 patients

with the posterolateral approach. The surgical approach, fragment-diameter, fibula-fracture, and medial-condyle-fracture were
correlated with the HSS scores (P< .05). After adjusting for the above factors, the Schatzker type, age and gender, compared with
anterolateral approach, the posterolateral approach could improve the HSS scores by an average of 3.7 points. The fragment-
diameter <20mm and posterolateral approach interacted on the HSS scores. Comparing posterolateral and anterolateral
approaches, we found that the HSS scores of patients with fragment-diameter<20mm increased by 6.1 points (95% CI: 4.1–8.2) in
the posterolateral approach, while those with fragment-diameter ≥20mm did not significantly improve the HSS scores.
The surgical approach, fragment-diameter, fibula-fracture, and medial-condyle-fracture were independent risk factors associated

with the follow-up outcome of patients with posterolateral tibial plateau fractures after successful surgery. The posterolateral
approach could significantly improve the HSS score in the studied hospital.

Abbreviations: CT = computed tomography, HSS score = hospital for special knee surgery score, PTPF = the posterolateral
tibial tlateau Fracture.
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1. Introduction

The incidence of the posterolateral tibial plateau fracture (PTPF) is
approximately 7% to 10%of all tibial plateau fractures,[1] and the
treatment of complex tibial plateau fractures remains clinically
challenging.[2]The Schatzker classification systemfor tibial plateau
fractures is widely used by orthopedic surgeons to assess the initial
injury, plan management, and predict prognosis.[3] The morpho-
logical characteristics of PTPF were also included in this
classification system[3]; however, some new morphological
characteristics were reported in recent years[4,5] and showed
instructive significance in preoperative evaluation and clinical
management for better functional outcomes.[4] However, relative
few studies reported the associations between these new
morphological characteristics and the prognosis of PTPF. These
morphological features included the anteroposterior diameters of
the posterolateral broken bone fragments of the tibial plateau
(fragment-diameter),[6] thedefect of the posterolateral cortexof the
tibial head (cortex-damage),[7] the combinational fracture of the
proximal fibula (fibula-fracture)[8] or fracture of the medial tibial
condyle (medial-condyle-fracture).[9] We hypothesized that these
four characteristics would affect the prognosis of patients with
posterolateral tibial plateau fractures after successful surgery.
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The prognosis of tibial plateau fractures was associated with
surgical approaches. In clinical practices, there was no uniform
standard for the choice of surgical methods for the tibial
plateau.[10] Some scholars believed that the anterolateral
approach could effectively reduce the posterolateral broken
bone segment by femoral epicondyle osteotomy or digastric
fibular head osteotomy.[10–12] Other scholars thought that the
posterolateral approach with the buttress and fixation (postero-
lateral approach) has a significant advantage in biomechanics.[13–
15] The surgical approach affected the prognosis of PTPF.
In this study,weaimed to study the effects of surgical approaches

and identify the morphological characteristics associated with the
1-year follow-up outcome of patients with posterolateral tibial
plateau fractures after successful surgery, after considering the
effect and interaction of the surgical approach.
2. Patients and methods

2.1. Inclusion criteria and exclusion criteria for cases

We included in this follow-up study the patients in Lianyungang
First People’s Hospital (serving 5 million residents) from 2011 to
2016. Case inclusion criteria included the following items:
(1)
 Tibial plateau fracture accompanied by the collapse of the
posterolateral condylar (>5mm);
(2)
 Patients who underwent internal fixation and who had an
excellent Rasmussen image score[16] (≥14) after the opera-
tion;
(3)
 Patients aged from 18 to 65 years.
Exclusion criteria included the following items.
(1)
 Fractures or severe injuries to other parts of the lower limbs
that affect limb function, such as ankle fracture and femoral
neck fractures.
(2)
 The fractures were pathological.

(3)
 The popliteal vascular or nerve was injured.

(4)
 Patients who had severe joint diseases of the lower limbs.

(5)
 Patients who had mental disorders and psychosis or who

could not cooperate with recovery training.

(6)
 The results of the surgery were poor, including nerve damage.
2.2. Observation indicators

We used 4 morphological characteristics in CT as potential
confounders.The reconstruction images of 3-dimensionalCTwere
observed before the operation to determine whether there was a
significant fracture of the proximal fibula (fibula-fracture). As
shown in Figure 1, A1 has a fibula-fracture, whereas B1 andC1 do
not have a fibula-fracture. The reconstructed images of 3-
dimensional CT were also observed to determine whether there
wasadisplaced isolatedbone fragment in theposterior tibial cortex
(cortex-damage). As shown in Figure 1, A1 and C1 had a cortex-
damage, and B1 did not have a cortex-damage. Based on the
preoperative CT image, we judged whether there was a fracture of
the medial condyle (medial-condyle-fracture). As shown in
Figure 1, B1 and C1 had a fibula-fracture, and A1 does not have
a medial-condyle-fracture. The anteroposterior diameters of the
largest bone fragment (fragment-diameter) involving the postero-
lateral articular surface were measured on a horizontal CT scan
image of thefibular head andwere grouped according towhether it
was larger than 20mm (Fig. 1, A2, B2, and C2).
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We used the modified Hospital for Special Knee Surgery
scoring system (HSS score) to evaluate the functional recovery of
the knee.[17] The HSS score was assessed by pain, walking, the
range of motion, muscle strength, residual deformity, and
stability, and the detailed method was performed as previously
reported.[17] It was one of the most commonly used criteria for
evaluating rehabilitation function of the knee joint fracture after
the operation. The scale was published in 1976; a score of above
85 was excellent, and a score under 60 was poor.[18] With the
improvement of medical conditions and technology, the rate of
excellent tibial plateau fracture treatment has been continuously
improved. Therefore, in this study, we took the score of HSS
greater than or equal to 85 as a classification criterion.
3. Methods

There were 2 surgical approaches performed: anterolateral
approach or posterolateral approach. The patients were
discussed to determine whether the surgery was an anterolateral
approach (Fig. 1, B3, C3) or posterolateral approach (Fig. 1, A3).
The preoperative treatment time was 2 to 15 days, averaging 7.6
±2.8 days. All patients elevated their lower limbs before the
operation, and an ice compress was used to relieve swelling and to
prevent thrombosis. General anesthesia was used in operation.
The anterolateral approach was used to reduce the bone fragment
in the anterolateral fixation group, and anterolateral osteotomy
was used to expose and reduce the posterolateral bone segment in
complex cases. Raft plating was used to fix the bone segment. The
posterolateral approach used posterolateral inverted L type or
other plate types to fix the fracture. The operation was performed
by 2 groups of doctors in the same department with a similar
experience. One group performed the surgery wholly fixed with
the posterolateral plate support (posterolateral approach). The
other group performed the surgery completely fixed with an
anterolateral raft plate and screw (anterolateral approach). The
Rasmussen imaging score was evaluated according to X-ray
examination after the surgery, and the patients with scores ≥14
were included in the study. Knee flexion training began at 3 days
after the surgery, and the weight-bearing walking began at 3
months after the surgery. Patients were called to the hospital one
year after surgery for follow-up. The HSS score was recorded in
the l-year follow-up after the operation.
The study protocol was approved by the Ethics Committee of

the First People’s Hospital of Lianyungang City, and all
participants provided written informed consent before their
enrollment.
3.1. Statistical analysis

The data were analyzed by R software. The continuous variables
were shown by the mean± standard deviation. The linear model
was used to compare the statistics with t values. The categorical
variables were displayed by counting or percentage, and the chi-
square test was used to calculate the statistics. When analyzing the
risk factors affecting the HSS score of the knee joint, four
confounding factors, surgical methods, age, gender, and Schatzker
classification were considered. The univariate analysis was
performed with the 1-year follow-up HSS score, and then, the
significant results were retained in the equation for multivariate
analysis. The generalized linear model was used for analysis. The
results were shown as regression coefficients and 95% confidence
intervals (b, 95%CI). Inmultivariate logistic regression, the results



Figure 1. Imaging data of 3 patients (A, B, and C) before and after the operation. The images A1, B1 and C1 show the fibula-fracture, cortex-damage, and medial-
condyle-fracture. The A2, B2, and C2 images show the fragment-diameter. The A3, B3, and C3 images show different surgical approaches.
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Table 1

Comparison of general characteristics of patients receives an anterolateral or posterolateral approach.

Characteristics AL PL Statistics P

Age 43.2±12.8 45.6±10.8 t=1.256 .210
Gender x2=0.001 .838
Male 62.1% 63.6%
Female 37.9% 36.4%

Fracture of the proximal fibula (fibula-fracture) x2=0.081 .657
Yes 51.0% 54.5%
No 49.0% 45.5%

Anteroposterior diameters of the posterolateral broken bone
fragments of the tibial plateau (fragment-diameter)

x2=0.034 .731

≥20 mm 42.8% 45.5%
<20 mm 57.2% 54.5%

Fracture of the medial tibial condyle (medial-condyle-fracture) x2=0.145 .875
No 64.8% 63.6%
Yes 35.2% 36.4%

Defect of the posterolateral cortex of the tibial head (cortex-damage) x2=0.118 .731
Yes 57.2% 54.5%
No 42.8% 45.5%
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were odds ratios and 95% confidence intervals (ORs, 95%CI). A
statistically significant test level a was 0.05. Patients with missing
data were not included in the analyses.
4. Results

4.1. General information

A total of 200 patients answered the phone and participated
in the follow-up, and were included in this study, including
124 males and 76 females aged 18 to 65 years, with an
average age of 44.0±12.2 years. According to the Schatzker
classification for fracture, 127 cases were type II, 21 cases
were type VI, and 52 cases were type V. The follow-up was
obtained from 12 to 13 months postoperatively, with an
average of 12.5±0.4 months. The average HSS score at the 1-
year follow-up was 85.2±5.8 (62–95). Of the 200 cases, 145
Table 2

Factors affected the prognosis of tibial plateau therapy.

Factors Cases HSS

Approach
Anterolateral 145 84.2
Posterolateral 55 87.6

Fracture of the proximal fibula (fibula-fracture)
Yes 104 83.9
No 96 86.5

Anteroposterior diameters of the posterolateral broken bone
fragments of the tibial plateau (fragment-diameter)
≥20 mm 113 86.8
<20 mm 87 82.9

Fracture of the medial tibial condyle (medial-condyle-fracture)
Yes 71 83.4
No 129 86.1

Defect of the posterolateral cortex of the tibial head (cortex-damage)
Yes 87 85.3
No 113 85.0

HSS = hospital for special knee surgery.
∗
P< .05.

∗∗
P< .01.
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cases were treated with the anterolateral approach, and 55
cases were treated with the posterolateral approach. There
were no significant differences in the studied morphological
characteristics between the anterolateral and posterolateral
groups, as shown in Table 1.
4.2. Univariate analyses of factors affecting the prognosis
of fracture

As shown in Table 2, the results of the single-factor analysis
showed that the surgical approach, fibula-fracture, fragment-
diameter, and medial-condyle-fracture were significantly corre-
lated with the HSS score (P< .05). There was no significant
correlation between the HSS score and cortex-damage (P> .05).
The HSS score ≥85 was used as a classification for excellent
prognosis. The results showed that all 3 factors were consistent
with the factors affecting the HSS score.
scores t P HSS <85 HSS ≧ 85 x2 P

3.84 <.001
∗∗

12.65 .001
∗∗

±6.3 66 79
±3.6 10 45

3.14 .002
∗∗

13.24 .001
∗∗

±6.7 52 52
±4.4 24 72

4.96 <.001
∗∗

10.33 .001
∗∗

±4.1 32 81
±7.0 44 43

3.13 .002
∗∗

4.56 .033
∗

±6.5 34 37
±5.3 42 87

0.27 .790 0.37 .550
±6.3 31 56
±5.5 45 68



Table 3

Multivariate regression analysis of factors affecting the HSS Scores in the 1-year follow-up survey.

Factor
Unadjusted Adjusteda

b (95%CI) t P b (95%CI) t P

Posterolateral approach 3.5 (1.7, 5.2) 3.845 <.001
∗∗

3.7 (2.3, 5.1) 5.128 <.001
∗∗

Fibula-fracture �2.5 (�4.1, �1.0) �3.136 .002
∗∗ �4.2 (�5.5, �2.8) �6.073 .002

∗∗

Fragment-diameter <20 mm �3.9 (�5.5, �2.4) �4.963 <.001
∗ �5.5 (�6.8, �4.1) �7.962 <.001

∗∗

Medial-Condyle-fracture �2.7 (�4.3, �1.0) �3.134 .002
∗∗ �2.9 (�4.2, �1.6) �4.292 <.001

∗∗

HSS = hospital for special knee surgery.
a adjusted factors include age, gender, Schatzker type and all factors listed in the first column of this table.
∗
P < .05.

∗∗
P< .01.
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4.3. Multivariate analyses of factors affecting the HSS
score in a 1-year follow-up

As shown in Table 3, the posterolateral approach was an
independent factor associated with the HSS score in the 1-year
follow-up survey, which could improve HSS scores by 3.7 (95%
CI: 2.3, 5.1) in the models adjusted for all factors listed in Table 3.
ThisHSS score in the unadjustedmodelwas 3.5 (95%CI: 1.7, 5.2),
which showed the robustness of this statistical model. The results
displayed in Table 3 also suggested that fibula-fracture, fragment-
diameter <20mm, and medial-condyle-fracture were also inde-
pendent factors associated with a poor HSS score (P< .05).

4.4. Interaction analysis of factors affecting the HSS score
in the posterolateral approach

Compared with the anterolateral approach, the posterolateral
approach could improve the HSS scores (Table 3). Therefore, we
further performed a stratified analysis to find the factors
interacting with the posterolateral approach. The results in
Table 4 showed that the fragment-diameter interacted with the
posterolateral approach for the HSS scores. After adjusting for
age and gender and for the confounding effects of fibula-fracture,
and medial-condyle-fracture, the HSS scores of patients with
fragment-diameter <20mm increased by 6.1 points (95% CI:
4.1–8.2), and those with fragment-diameter ≥20mm did not
significantly improve the HSS scores. The difference between the
two strata showed that there was a significant interaction
between the posterolateral approach and the fragment-diameter
classification (P= .002). The results showed that the profitability
of the posterolateral approach was greater in patients with
Table 4

Hierarchical analysis and interaction of influencing factors of the po

PL approach Strata 1 (low risks) t/z
∗

P

Fragment-diameter ≥ 20 mm
HSS scores 1.7 (�0.1, 3.6) 1.819 .070
HSS ≥ 85 2.4 (0.7, 7.7) 1.472 .141

Without Fibula-fracture
HSS scores 2.3 (0.2, 4.3) 2.150 .033

∗

HSS ≥ 85 3.1 (0.8, 12.3) 1.595 .111
Without Medial- condyle-fracture

HSS scores 2.7 (0.9, 4.5) 2.985 .003
∗

HSS ≥ 85 2.4 (0.9, 6.9) 1.670 .095

HSS = hospital for special knee surgery.
∗
T value is a multivariate statistic for HSS score, and the corresponding result is b (95% CI), Z value

† P values for interaction between risk factors and the PL approach.
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fragment-diameter less than 20mm. The other results in Table 4
showed that there was no interaction between the posterolateral
approach and the other 3 risk factors, including fibula-fracture
and medial-condyle-fracture. With or without these three risk
factors, the posterolateral approach could significantly improve
the HSS score (P< .05), but there was no significant difference
between the 2 strata.
As shown in Table 4, we also used an HSS score ≥85 as a

classification effect index to analyze the interaction of risk factors
and the posterolateral approach in the multivariate logistic
regression. The results showed that the posterolateral approach
for patients with fragment-diameter <20mm or with medial-
condyle-fracture could significantly improve the prognosis
satisfaction of patients, which showed a significant interaction
(Pint< .05). The satisfaction of patients with fibula-fracture was
significantly improved by the posterolateral approach (P= .002),
but there was no significant difference in OR between patients
with fibula-fracture and without fibula-fracture (P= .263).
5. Discussion and conclusions

In this study, we identified 3 independent morphological
characteristics that affected HSS scores, and we confirmed that
the posterolateral approach was helpful to the patient’s prognosis.
The posterolateral approach could also improve the ratio ofHSS≥
85ofpatientswithmedial-condyle-fracture orwithfibula-fracture.
Solomon et al[19] analyzed and compared the anterolateral

approach and posterolateral approach to fix posterolateral bone
fragments. After 2 years of follow-up, no secondary articular
surface collapse occurred in patients undergoing the posterolat-
sterolateral approach on the HSS Score.

Strata 2 (high risks) t /z P Pint†

Fragment-diameter < 20mm
6.1 (4.1, 8.2) 5.823 <.0001

∗
.002

∗

15.0 (3.8, 58.7) 3.888 .0001
∗

.041
∗

With Fibula-fracture
4.9 (3.0, 6.8) 5.036 <.0001

∗
.061

8.6 (2.7, 27.0) 3.697 .0002
∗

0.263
With Medial-condyle-fracture

5.5 (3.1, 7.8) 4.594 <.0001
∗

.058
30.9 (5.3, 179.4) 3.826 .0001

∗
.009

∗

is logistic regression statistic, and the corresponding result is OR (95% CI).
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eral surgical approach, while the average articular surface
collapse was 4.5mm in patients receiving the anterolateral
surgical approach. From the biomechanical point of view, the use
of the posterolateral approach with a fixation for small posterior
bone could provide more effective mechanical properties, and it
could help in the early movement of the knee joint after surgery.
Morphological study of the tibial plateau fractures showed that
when the fracture fragments were small or when the fracture line
was coronal, the risk of fracture displacement and articular
surface collapse was much higher in those receiving the
anterolateral approach with fixation of a raft screw.[6] More
than 2 screws should be required to be effectively inserted into the
posterolateral plateau bone fragments for fixation. In clinic
practices, 2 screws that could be implanted into the piece to
sufficiently maintain the stability when the fragment-diameter
was more than 20mm. However, when the fragment-diameter
was less than 20mm, only one screw or even no screw could be
effectively inserted into the bone fragment. Therefore, when the
fragment-diameter was less than 20mm, the posterolateral bone
fragment fixed by an anterolateral approach to the plate was not
stable and was easy to displace during the early knee flexion
training. We speculated that this might be the main reason for the
influence of fragment-diameter on the prognosis of patients.
The fracture of the medial tibial condyle involving the tibial

plateau is usually caused by a high-energy injury.[9] It is difficult to
treat, and the prognosis is relatively poor. At present, an expert
consensus has arisen that posteromedial fracture requires
posteromedial support and fixation, and the treatment results
have been greatly improved.[20] The more serious the suffering
violencewas, the greater the injury of the anatomical structure and
tissue, and even combined with dislocation of the knee joint, the
structure that needs to be repaired is more complex, and the time
required for functional training and recovery after surgery is
longer. The prognosis of these patients is generally worse, even if
the postoperative imaging examination indicated that the fracture
repair was satisfactory. This explained why the medial-condyle-
fracture in Table 3 significantly decreased the HSS score.
The articular surface of the fibular head points to the top of the

tibia and is slightly inclined to the posterolateral condylar joint of
the tibial plateau.[21] The tip of the fibular head protrudes upward
from the posterolateral side of the fibula, which limits the
displacement of the posterolateral bone segment of the fracture.[10]

When the posterolateral condylar fracture occurred, the undam-
aged proximal end of the fibula could replace the function of the
plate, which could support the posterolateral condyle of the tibial
plateau and could restrict its movement. If there was a proximal
fibular fracture, this support would be lost.[22] Therefore, in
patients of posterolateral tibial plateau fracture with fibula-
fracture, the instability of the posterolateral bone segment
increased accordingly, and it was more likely to be displaced
after the operation. The multivariate interactions analysis also
showed that the stability of the internalfixationwas improvedafter
the posterolateral approach in the patients with fibula-fracture,
which helped improve the excellent rate of the HSS score (≥85).
In this study, we have excluded elderly patients, poor mobility,

severe complications, poor reduction, and uncooperative reha-
bilitation treatment, and we usedmultiple regression analysis and
interaction analysis to control a variety of possible confounding
factors. Therefore, the results of the study have some strength.
One limitation is that due to ethical considerations we could only
choose the most suitable method of the anterolateral approach or
posterolateral approach for patients, and generally, patients
6

receiving the posterolateral approach have been more seriously
injured than patients receiving the anterolateral approach, which
would lead to our study underestimating the role of the
posterolateral approach. In addition, this study is only based
on the traditional anterolateral and posterolateral methods
performed in our hospital, and amodified anterolateral approach
might lead to a different result. And because we eliminate patients
whose treatment was poor, the current results only indicate
patient recovery with successful completion of surgery.
In conclusion, this study used the HSS score as a prognostic

index in a 1-year follow-up survey of patients with fractures of
the posterolateral tibial plateau. After controlling for age, sex, the
Schatzker type, and combined fracture situation, we found that
fragment-diameter, fibula-fracture, and medial-condyle-fracture
were independent risk factors associated with the HSS score. For
patients whose fragment-diameter is less than 20mm, the
posterolateral approach can significantly improve the HSS score.
It is recommended that the posterolateral approach with fixation
be used for such patients.
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