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Effect of buttress plate in Herscovici o

type D vertical medial malleolar fractures
and peripheral fractures: a retrospective
comparative cohort study
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Abstract

Background The purpose of current retrospective study was to review the surgical methods and to evaluate the
clinical efficacy of supporting plate for the treatment of vertical medial malleolus fractures on the basis of stable fixa-
tion of ipsilateral fibula.

Methods This retrospective study included a total of 191 patients with vertical medial malleolus fractures. Patients
enrolled were divided into simple vertical medial malleolus fractures and complex types of fractures. General demo-
graphic information and surgical information, including age, sex, surgical procedure and postoperative complications,
were collected. The functional prognosis of patients was evaluated by American Orthopedic Foot and Ankle Society
Ankle-Hindfoot Score (AOFAS) and Visual Analog Scale (VAS).

Result Among patients with simple vertical fractures, the respective incidence of internal fixation failure in screw
group, buttress plate group, and screw combined buttress plate fixation group (combined fixation group) was 10/61
(16.4%),1/54 (7.4%) and 1 (1.9%), and the difference was statistically significant (P=0.024). The incidence of abnormal
fracture growth and healing in screw group, buttress plate group and combined fixation group was, respectively,
13/61 (21.3%), 6/54 (12.5%) and 2 (3.85%), with statistically significant difference (P=0.019). In the patients with
complex types of fractures, after 2 years of postoperative follow-up, the AOFAS score and VAS score of the following
subgroups had good results: 91.18 +£6.05 and 2.18 + 1.08 in patients with joint surface collapse, and 92.50 +4.80 and
2.50+1.29 in patients with tibial fractures, with 100% excellent and good rate.

Conclusion For simple and complex vertical medial malleolus fractures, buttress plate showed excellent fixation.
Despite poor wound healing and extensive soft tissue dissection with this approach, buttress plate may provide a
novel insight into medial malleolar fractures, especially for extremely unstable medial malleolar fractures.
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exercise, promoting fracture healing and preventing the
occurrence of osteoarthritis. In recent years, increasing
attention has been paid to the medial structure of the
ankle. The medial structure of the ankle joint mainly con-
sists of the medial malleolus and the triangular ligament.
Due to the special anatomy and injury mechanism of the
medial malleolus, the fracture of the medial malleolus
has a complicated condition, among which the supina-
tion-adduction injuries are even more difficult to treat.
Low lateral malleolus fracture or lateral collateral liga-
ment injury can result in vertical split fracture of medial
malleolus, and compression fracture of the distal medial
articular surface of tibia may occur [4, 5]. This fracture
pattern is relatively rare, accounting for 12.2% to 21.1%
of ankle fractures [6]. Herscovici et al. proposed a classi-
fication that divided medial malleolus fractures into four
different types based on X-ray images, and simply and
intuitively described the shape of the fracture end, which
is a commonly used clinical classification for the evalua-
tion of medial malleolus fractures [7].

The current standard of treatment for medial malleo-
lus fractures is open reduction and internal fixation [8].
There are multiple options available for internal fixation,
such as single or bicortical screws, headless screws, half-
tension wire, medial malleolus plate internal fixation,
etc. [9-12]. However, the best fixation method is still an
ongoing debate about the superior technique because of
the limited evidence and researches [13]. The analysis of
the force of the ankle joint has revealed that the verti-
cal fracture line should bear both the vertical load force
and the horizontal force from the body during the ankle
joint movement. Such a large shear force prevents con-
ventional Kirschner wires, screws, ordinary plates and
other fixation measures from properly neutralizing the
shear force, resulting in internal fixation failure, internal
fixation fracture or secondary fracture displacement [14].
Herein, the aim of this study was to evaluate the clini-
cal efficacy of Buttress plate for the treatment of vertical
medial malleolus fractures on the basis of stable fixation
of ipsilateral fibula.

Materials and methods

Study population

This study retrospectively analyzed 1053 patients with
ankle fractures who were treated in our hospital from
January 2014 to May 2019. Inclusion criteria: (1) patients
with medial malleolus fracture that was vertically out
of shape, with or without articular surface collapse;
(2) patients with closed fractures; (3) injury to opera-
tion time <1 week; (4) patients over 16 years old, with a
closed epiphyseal line; (5) patients involving in a study of
internal fixation of fractures. Exclusion criteria: (1) com-
bination with neurovascular injury and fracture of bones
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around the foot (such as the talus, with the exception of
the tibia and fibula); (2) medial malleolus fractures that
could not be classified as Herscovici-type supination-
adduction type II or Herscovici type D [15]; (3) iso-
lated medial malleolus fracture; (4) patients who had
severe medical diseases, tumors, osteoporosis and other
immune diseases; (5) patients who required conserva-
tive treatment or transfer; (6) patients who had not com-
pleted follow-up for removing the internal fixation device
or did not cooperate with the system scoring.

A total of 202 people met the selection criteria, and
finally 191 of them completed the follow-up to remove
the internal fixation (Fig. 1). Of these patients, 61 (31.9%)
received screw fixation (Fig. 2), 54 (28.3%) received
buttress plate internal fixation (Fig. 3), and 52 (27.2%)
received buttress plate combined with screw fixation
(Fig. 4). Of the remaining 24 patients, 16 (66.7%) patients
had articular surface collapse (Fig. 5a), and 8 (33.3%)
patients had tibial fractures (Fig. 5c), and the patients
were all treated with buttress plate internal fixation
(Fig. 5b, d). Patients were divided into simple vertical
medial malleolus fractures and complex types of frac-
tures. Patients with simple vertical fractures were then
subdivided into screw group, buttress plate group, and
screw combined buttress plate fixation group (combined
group) according to internal fixation methods for com-
parison. Patients with complex types of fractures were
subdivided into those with combined articular surface
collapse and combined lower tibial fractures for compari-
son. Their surgical records and related imaging examina-
tions were screened and consulted for cases using screw
fixation, buttress plate fixation, and buttress plate com-
bined with screw fixation. All procedures are performed
by the same surgical team with a senior orthopedic sur-
geon in a tertiary care hospital. All imaging data in this
study were independently reviewed by two musculoskel-
etal radiologists (not involved in the surgery), and the
same reading results were obtained.

This study was approved by the Ethics Committee of
our hospital and follows the guidelines of the Declaration
of Helsinki.

Observation indicators

Through reviewing medical records and follow-up statis-
tics, the information including age, sex, fibular fracture,
complete weight-bearing and internal fixation time of the
research target were reviewed.

We monitored and recorded the surgical complications,
such as the internal fixation failure after internal fixation
(the internal fixation device was bent or broken, the frac-
ture was displaced again, or the alignment of the fracture
ends was poor), the abnormal growth and healing of the
fracture (delayed union or nonunion of the fracture, or if
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Fig. 1 Flow chart of the technical method
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Fig. 2 The use of screws to fix medial malleolar fractures is a classic fixation method. a The orthographic X-ray images of the fracture; b the CT
three-dimensional reconstruction image after the fracture; ¢, d the orthographic X-ray images after screw internal fixation

Fig. 3 When using the buttress steel plate, the steel plate is prebent into a shape that can be close to the bone surface, and the elasticity and firm
structure of the steel plate itself are used to provide fixation, thereby preventing the longitudinal translation of the fracture. However, if only the
buttress plate is used for fixation, only one screw ¢-2 has the function of fixing the fracture because the most distal screw c-1 only fixes the tip of
the medial malleolus. a The orthographic X-ray images of the fracture, b the three-dimensional CT reconstruction image after the fracture, and ¢, d
the orthographic X-ray images after buttress plate internal fixation

&

there were free bone pieces), comorbid osteoarthritis and
osteoporosis, and abnormal surgical wound healing (red-
ness and swelling > 3 days, infection, abnormal discharge,
delayed wound healing).

Postoperative follow-up and functional exercise

The American Orthopedic Foot and Ankle Associa-
tion Ankle-Hindfoot Score (AOFAS) [16] and the Vis-
ual Analog Scale for Pain (VAS) [17] were completed
2 years after the operation. The patients were scheduled
areview at 1, 3, 6, and 12 months after surgery. The time
to remove the internal fixation, depending on fracture
healing, was approximately 1 year postoperatively. A final

follow-up visit was completed at 2 years postoperatively.
After 4-6 weeks of plaster or brace immobilization post-
operatively, functional ankle exercises were performed.
The gradual weight-bearing functional exercise was
started after 4 weeks, and full weight-bearing functional
exercise was started after 8 to 12 weeks according to the
fracture healing condition.

Statistical analysis

All the data in this study were analyzed and graphed
using SPSS 25 software (IBM SPSS Inc., Chicago, USA),
and GraphPad Prism 8 software (GraphPad Software,
LLC, La Jolla, California, USA). The measurement data
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Fig. 4 The use of buttress steel plates to assist screw fixation can eliminate the disadvantages of insufficient distal fixation. a The orthographic X-ray
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of the fracture; b the three-dimensional CT reconstruction after the fracture, ¢, d the orthographic X-ray of the Buttress plate combined with screw

internal fixation

Fig. 5 In the supination-adduction injury mode, it is easy to cause displacement of the fracture fragment and collapse of the articular surface (a),

4

and other external forces can also cause lower tibial fracture around the fracture line (c). The appearance of these two types of fractures increases
the difficulty of vertical fractures of the medial malleolus, and a suitable shape of locking plate prebending can be considered a buttress plate to fix

the two types of fractures (b, d)

were expressed by ¥ +s, and the analysis of variance and
t test were used for statistical analysis. The counting data
were expressed as percentage, and the Chi-square test
and Fisher’s exact test were applied for statistical analysis
between groups. Power analysis was performed in SAS
(SAS 9.1.3 Help and Documentation, SAS Institute Inc,
Cary, NC, USA) to evaluate the sample size. It was deter-
mined that a minimum of 38 patients was required to
achieve a power of 0.8, using an alpha of 0.05 and assum-
ing a correlation of value 0.5. Data with a 2-tailed P value
of <0.05 were considered statistically significant for this
analysis.

Results

Simple vertical medial malleolus fractures

In the three groups of simple vertical medial malleolar
fractures, the data of sex, age and combined fibular frac-
tures of each group were analyzed. And there was no
significant difference in age and gender among the three
groups (P> 0.05).

The incidence of internal fixation failure, abnormal
fracture growth and healing, osteoarthritis and osteopo-
rosis in screw group, buttress plate group, and combined
fixation group showed significant difference (all P<0.05,
Table 1).
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Table 1 Basic data and complication statistics of patients with simple vertical fracture of the medial malleolus
Index Screw group (n=61) Buttress plate group Joint fixed group P value
(n=>54) (n=52)
Gender (male/female) 40/21 38/16 35/17 0.858*
Age 51.26+9.38 4941 +£7.90 49.64+8.63 0.692*
Height (cm) 169.44 +6.82 171.89+7.75 17045+ 8.01 0.302
Weight (kg) 68354792 66.70+13.17 66.88+12.88 0.622
Combined fibula fracture (n) 46 40 37 0.874*
Internal fixation failure (n) 10 1 0.024*
Abnormal fracture growth and healing (n) 13 2 0.019%
Combined with osteoarthritis (n) 14 2 0.015*%
Combined with osteoporosis (n) 10 16 2 0.002*
Wound abnormality (n) 5 6 6 0.811*

# compared by one-way ANOVA analysis; *, compared by Chi-square test

The respective incidence of internal fixation failure in
screw group, buttress plate group, and combined fixation
group was 10/61 (16.4%), 1/54 (7.4%) and 1 (1.9%), and
the difference was statistically significant (P=0.024).

The incidence of abnormal fracture growth and heal-
ing in screw group, buttress plate group, and com-
bined fixation group was respectively 13/61 (21.3%),
6/54 (12.5%) and 2 (3.85%), and the difference was

statistically significant (P=0.019). Among the 10
patients in the screw group who had failed fixation, 3
had broken screws and 7 had re-displaced fractures
(Fig. 6a). Among the patients with abnormal frac-
ture union in the screw group, 4 suffered from a bulge
around the fracture line (Fig. 6b) that was worsened
when pressed during follow-up pain.

Fig. 6 Displacement of the fracture is the key to measuring the success of the internal fixation device. In the screw fixation group, more fractures
were re-displaced (a), indicating that the screw fixation effect was poor. In addition, screw fixation has a unique X-ray manifestation: the tiny bone
piece at the proximal cortex of the fracture line is lifted (b, white arrow). In the plate fixation group, there were 16 cases of disuse osteoporosis

caused by nonslip plate fixation (c)
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Disuse osteoporosis was observed in 16 patients with
buttress plate fixation (Fig. 6c). The incidence was
significantly higher than that of the other two groups
(P=0.002) (Table 1).

Patients in the screw group and the buttress group
took longer to reach total weight than those in the joint
group (P<0.05) (Fig. 7a). Among all patients who com-
pleted internal fixation removal, the screw group had
the longest internal fixation time (P<0.05) (Fig. 7b).
AOFAS scores (Fig. 7c) and VAS scores (Fig. 7d) of the
screw group were evidently lower than those of the
combined fixation group (all P <0.05).
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Complex types of fractures

There were 16 patients with complex fractures com-
plicated with articular surface collapse, of whom 6 had
intraoperative allograft bone implants, 2 had delayed
fracture union, and 2 had arthritic complications compli-
cated with bone defects and bone grafting.

In terms of complications, the application of bulker-
volume buttresses (3 cases) resulted in poorer wound
healing than in the buttress group with vertical medial
malleolus fractures alone (5 cases).

There were 8 complicated tibial fractures among
patients with complex fractures, including 1 case of
delayed healing (lower tibial fracture) and 1 case of
wound infection (medial malleolus fracture), as shown in
Table 2.
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Fig. 7 Comparison of the complete weight-bearing time (weeks), internal fixation time (months), AOFAS score and VAS score of the three groups of
internal fixation methods for simple medial malleolar fractures.“ns”indicates no statistically significant difference compared with the screw group;
*P<0.05 compared with the screw group; ***P<0.001 compared with the screw group; ****P<0.0001 compared with the screw group
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Table 2 Basic data and complication statistics of patients with special fractures buttress plate fixation
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Index Combined articular surface collapse (n=16) Combined lower
tibial fracture
(n=8)

Gender (male/female) 11/5 5/3

Age 4509+6.89 48.75+2.63

Combined fibula fracture (n) 10 4

Internal fixation failure (n) 1 0

Abnormal fracture growth and healing (n) 3 1

Combined with osteoarthritis (n) 3 1

Wound abnormality (n) 3 1

Full load time (week) 13.59+0.87 1335+ 1.15

Internal fixed time (month) 13.18+1.08 14.00+1.41

After 2 years of postoperative follow-up, the AOFAS
score and VAS score of the following two groups
had good results: 91.18+6.05 and 2.18+1.08 in the
patients with joint surface collapse, and 92.50+4.80 and
2.50+1.29 in patients with tibial fracture, with 100%
excellent and good rate.

Discussion

Medial malleolar fractures have been recognized as
fractures around the ankle joint. Under special circum-
stances, the condition can progress to intra-articular
fractures characterized by articular surface collapse,
so good reduction and strong fixation are particularly
important in medial malleolar fractures. To facilitate
the diagnosis of these injuries and help guide treatment
decisions, surgeons usually assess and classify ankle frac-
tures according to the Herscovici classification system
[15]. A large number of retrospective studies have shown
that solitary medial malleolar fractures, surgically sta-
ble fibulas and well-reduced medial malleolar fractures,
are not the indication for surgical treatment, but limited
reports exist with regard to the vertical medial malleolar
fractures that are extremely unstable [18]. Carter et al.
reported that even supination-adduction type II (SAD-
II) fracture configurations with medial malleolar vertical
shear were excluded from such fractures [19]. Therefore,
even if the reported nonsurgical treatment of isolated
medial malleolar fractures yields a healing rate as high
as 96% [5, 15], conservative treatment of this particular
fracture type is not recommended.

Vertical medial malleolus fractures are a typical supi-
nation adduction injury, which are extremely unstable
and usually require fixation [13]. The methods of inter-
nal fixation for medial malleolar fractures are complex
and diverse, including screw fixation [20-23], tension
band fixation and steel plate fixation [8, 12]. According to
previous reports, the nonunion rate with single cortical

lag screw fixation was 20% [21]. Wegner et al. showed
that the anti-slip plate was stronger than double corti-
cal screws, divergent monocortical screws and paral-
lel monocortical screws with greater load capacity [24].
However, this conclusion still needs to be elucidated and
confirmed in clinical practice. On the other hand, in a
study involving 111 medial malleolar fractures by Ebra-
heim et al., 7 cases of vertical fractures were discussed,
and except for 1 case using lag screw fixation, the rest of
the cases achieved good results with support plates [7].
Due to the small number of vertical fracture cases in the
study, the statistical analysis did not show any significant
difference.

In the present study, it was found that the screw broke
when encountering a large longitudinal shear force,
which was not available in other fixing methods. Another
screw-specific complication was that there was a small
bone fragment at the proximal end of the fracture line
that could be found in the long-term follow-up X-ray of
the ankle joint after the operation, whereas it was not
observed in the short-term postoperative X-ray. The
causes of the above complications may be attribute to the
fact that there is an “intersection point” at the intersec-
tion of the screw and the fracture line, where the main
force on the fracture piece comes from the large vertical
shear force F; and the horizontal force during activity act-
ing on F,, and the combined force of the two main forces
allows the fractured end to have a tendency to move
along the direction of F;. The active pressure of screw
fixation is mainly f; along its long axis. Although f; can
provide a part of the horizontal force against F,, f; against
F, is passively provided by the thin short diameter of the
screw (Fig. 8a). When the shear force increases, the screw
is likely to bend and break, which may lead to fixation
failure. The steel plate can be fully compressed based on
the shape and characteristics of the device itself (Fig. 8c);
on the other hand, it is because of the compression of the
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Fig. 8 When the screw is used for fixation, the long axis of the screw (thick black line) has an intersection with the fracture line, which is marked as
a red dot (a, medial malleolar front view). Here is the main force point of the screw. The main force analysis at this point is shown in the figures: £, is
the longitudinal shear force, F, is the horizontal force, F; is the resultant force of F, and F, (the direction is between F, and F,), f, is the active force of
the long axis of the screw, f; is the passive force of the short axis of the screw, and f, is the component of the force of the screw. If the fixing effect
of the screw is not enough to resist the external force of the fractured end during the movement, the fracture piece will collide with the direction
of the black dot (b, side view of the medial malleolus) at the fracture line (red dashed line). The steel plate can provide comprehensive support by

virtue of its larger coverage area (c, side view of the medial malleolus)

screw on the fracture surface. The effect is that the screw
insertion point is gradually weakened to the surround-
ings. When the screw is not firmly fixed, the vertical
shear force makes the bone block have an unstable ten-
dency to move, and it is easy to hit the edge of the bone
cortex at the proximal end of the fracture block during
movement. There is formation of a small raised fragment
(Fig. 8b). A wide volume of the steel plate and a full sup-
port force can completely prevent this from happening.
The two groups of cases using steel plate fixation
showed a better internal fixation effect than the cases
involving screws. However, it should be noted that 16
patients had different degrees of disuse osteoporosis that
did not occur in patients with other fixation methods,
more professional and detailed researches are therefore
needed for the underlying reason. Nonetheless, these
findings may be attributed to the use of a smaller but-
tress plate in the study to reduce the surgical incision and
soft tissue dissection. The first screw at the distal end was
anchored only at the tip of the medial malleolus, result-
ing in only one screw at the distal end of the fracture
for effective fixation (Fig. 3c). The fixation was unstable,
which may be one of the reasons for the failure of but-
tress steel plate fixation. There was no osteoporosis in the
distal end of the combined application group because of
screw-assisted fixation. In addition, unlike the high rate

of poor wound healing in other studies, there was no sta-
tistically significant difference between the use of but-
tress plate fixation and screw fixation for wound recovery
in patients with medial malleolar fractures in this study.
Because the buttress plate used in this study was smaller,
even the combined application of screws did not increase
the surgical incision and soft tissue dissection.

A medial malleolar fracture can be an isolated fracture,
or it can be a part of a double malleolar fracture or a triple
malleolar fracture, hence it is important to select the best
fixation method [25, 26]. Isolated vertical medial malle-
olar fractures are not the most common type in clinical
practice, which only occur in approximately 7% of ankle
fractures, but the incidence of combined lateral malleolar
fractures is three times that of the former (20%). There-
fore, while fixing a fracture of the medial malleolus, the
fixation of the fracture of the lateral malleolus can also
be a problem that needs to be considered, along with
strong fixation of the fibula specifically for patients with
fibula fractures. Studies are available to show that reli-
able support of the fibula is essential for maintaining the
stability of medial malleolar fractures. Special attention is
required for fractures that affect the articular surface, due
to its proneness of occurrence of traumatic arthritis if not
handled properly. In this study, the use of bone grafting
and buttress plate fixation exerted good fixation effect.
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The buttress plates that can be used to fix vertical medial
malleolus fractures have different shapes that show fun-
damental advantage of great toughness, perfectly fitting
the bone surface, and being fixed by compression. Before
the use of buttress plates for ankle joint fractures, there
were reports confirming its application for fractures in
the elbow joint coronoid process and trochlear fractures,
ulnar carpal metacarpal joint fractures and dislocations,
posterior sternoclavicular joint dislocations, and high-
energy fractures of the lower limbs (such as tibial plateau
posterior column fractures and spiral fractures of the
tibia shaft) [27-29]. In this study, the buttress plate was
also applied to fix both lower tibial fractures and verti-
cal medial malleolar fractures. In the included 8 fracture
cases, the fixation effect was good except for wound heal-
ing factors. The conventional use of steel plates to fix
tibial fractures and separate fixation of medial malleolar
fractures with screws may produce longer and more sur-
gical incisions. However, the incisions were acceptable
with the use of buttress plates in this study.

Of note, there were several limitations in this study.
First, the number of patients in each subgroup was
relatively small. Second, considering that the patients
included in this study were from a single research center,
multi-center studies with longer follow-ups are needed
to confirm the current conclusions. Third, AOFAS score
was used as an indicator of patient prognostic function
evaluation. Although AOFAS score is one of the com-
monly used evaluation systems, the AOFAS society has
recently recommended not to use it anymore.

Conclusions

Based on our data, favorable fixation effect of buttress
plate was found in patients with simple and complex
vertical medial malleolus fractures. Despite the fact that
this fixation method may cause poor wound healing and
extensive soft tissue dissection, buttress plate fixation
may provide a novel insight into medial malleolar frac-
tures, especially for extremely unstable medial malleolar
fractures.
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