Journal of MTU 2023;2(2):36-41
ISSN: 2822-4094

Arastirma Makalesi / Research Article

Journal of Medical Topics & Updates (Journal of MTU)

Doi: 10.58651/jomtu.1325159

Comparison of cannulated screw, tension band, and mini-fragment t-plate
fixation in medial malleolus fractures

Medial malleol kiriklarinda kaniile vida, gergi band1 ve minifragment t-plak
fiksasyonun karsilastiriimasi

Ismail GUZEL"™ Serkan Akpancar

Malatya Training Research Hospital, Department of Orthopedics and Traumatology, Malatya, Tiirkiye.

ABSTRACT

Background: The study aimed to compare the clinical results of cannulated screw (KS), tension band, and mini-fragment T-
plate (MTP) fixation in medial malleolus fractures.

Materials and Methods: The present study employed a retrospective cohort design to investigate the outcomes of patients
who underwent treatment for medial malleolus fractures at our clinic between January 2016 and January 2019. A total of 90
patients were included in the study, and they received one of three fixation methods: cannulated screw, tension band, or mini-
fragment T-plate. The evaluation of ankle and foot functions was conducted using the American Orthopedic Foot and Ankle
Surgery score, number of fluoroscopy shots, duration of surgery, and ankle joint range of motion measurements.

Results: After a 12-month follow-up, there was no significant difference between the groups (p=0,263, p=0,432 and P=0,376)
in terms of the AOFAS score. The ankle joint range of motion was similar in all groups. According to the radiographs, the
compression ability was weaker in the mini-plate group than in the other groups. The mean duration of surgery was shorter in
the cannulated screw group (p<0.001). The mean number of scopy shots was not similar between the groups (p<0.001). One
patient in the mini-fragment T-plate group developed a superficial infection and recovered with a 2-week oral antibiotic
treatment. In the tension band group, one patient experienced skin problems successfully resolved with a one-week treatment
regimen. Additionally, three patients treated with cannulated screws required screw removal after fracture union due to their
dissatisfaction with screw prominence. No patient underwent revision surgery.

Conclusions: The findings of the study revealed that patients treated with tension bands and cannulated screws demonstrated
better clinical outcomes. However, it was observed that these techniques were less favorable compared to the mini-plate
procedure due to their potential for tissue irritation.
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OZET

Amag: Caligmamizin amact medial malleol kiriklarinda kaniile vida, gergi band1 ve minifragment t-plak fiksasyonun klinik
sonuglarinin karsilagtirilmasidir.

Materyal ve Metot: Caligmamiz retrospektif kohort ¢alismasi olarak planlandi. Ocak 2016 ile Ocak 2019 yillar1 arasinda
klinigimizde medial malleol kirig1 nedeniyle kaniile vida, gergi bandi ve minifragment t-plak fiksasyonu ile tedavi edilen 90
hasta ¢aligmaya dahil edildi. Hastalar ayak bilegi ve ayagin islevini degerlendirmek i¢in American Orthopaedic Foot and Ankle
Surgery skoru, skopi sayisi, ameliyat siiresi, ayak bilegi eklem hareket agikligi degerleri kullanilarak karsilastirildi.

Bulgular: 12 aylik takip sonrasinda her gruplar aras1t AOFAS skorunda anlamli fark goriilmedi (p=0.263, P=0,432 ve P=0,376).
Ayak bilegi eklem hareket agikliginin tiim gruplarda benzer oldugu goriildii. Cekilen grafilerde kompresyon yeteneginin
miniplak grubunda diger gruplara gére daha zayif oldugu goriildi. Ortalama ameliyat siiresinin Kaniile vida grubunda daha kisa
oldugu goriildii (p<0.001). Ortalama floroskopi uygulama sayisinin gruplar arasinda benzer olmadigi goriildii (p<0.001).
Caligmamizda Minifragment T-plak grubunda 1 hastada 2 haftalik oral antibiyotik tedavisi ile iyilesen yiizeyel enfeksiyon,
Gergi band1 grubunda 1 hastada 1 haftalik tedaviye cevap veren deri problemleri gelisti. Kaniile vida ile tedavi edilen 3 hastada
ise vida basisindan dolayr memnuniyetsizlik olustugu i¢in kaynama sonrasi vidalar1 ¢ikarildi. Higbir bir hastaya revizyon
cerrahisi uygulanmadi.

Sonugc: Gergi bandi ve kaniile vida yapilan hastalarda daha iyi klinik sonuglara sahip oldugunu fakat doku irritasyonu agisindan
mini plaga gore dezavantajli oldugu goriilmektedir.

Anahtar Kelimeler: Medial malleol, Kirik, Kaniile vida, Gergi bandi, Mini plak, Aofas
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INTRODUCTION

Malleolus fractures can be seen at any age and
account for half of all ankle fractures (Deniz &
Akpancar, 2019; Koca et al., 2017). In severe ankle
traumas, malleolus fractures are usually seen as
bimalleolar and trimalleolar but can also occur as
isolated fractures (Bucholz, Henry, & Henley, 1994;
Herscovici, Scaduto, & Infante, 2007). Surgery is
generally recommended due to its proximity to the
joint area and significant contribution to ankle
stability. It has been stated in some articles that
conservative treatment should be chosen for non-
displaced fractures (Barnes, Cannada, & Watson,
2014; Herscovici et al., 2007).

Various surgical methods have been described for
the treatment. The primarily used surgical methods
are unicortical partially threaded compression
screws, bicortical fully threaded screws, buttress
plates, neutralization plates, tension bands, and mini-
fragment T-plates (Carter, Duckworth, & White,
2019; Dumigan, Bronson, & Early, 2006). The
partially threaded cannulated screw technique
applied in a closed state is a frequently applied
method. It has become prominent in studies with its
low morbidity, postoperative pain, and wound
complications (Amanatullah et al., 2012; Kochai et
al., 2018; Ricci, Tornetta, & Borrelli Jr, 2012). There
are a limited number of studies on the mini-fragment
T-plate technique. Some studies have shown that this
technique provides biomechanically more stable
fixation and is clinically successful compared to
other methods (Ahmed et al., 2017; Kitaoka et al.,
1994). In the tension band technique, on the other
hand, a passive fixation is performed at the edges of
the fracture without real tension or compression
(Aiyer, Zachwieja, Lawrie, & Kaplan, 2019; Alam
& Parviz, 2007).

This study compared the clinical results of
cannulated screw (CS), tension band, and mini
fragment T-plate (MTP) fixation in medial malleolus
fractures.

MATERIALS AND METHODS

The study utilized a retrospective cohort design and
included 90 patients who underwent treatment for
medial malleolus fractures at our clinic between
January 2016 and January 2019. The patients were
treated with three fixation methods: a cannulated
screw (CS), a tension band, and a mini-fragment T-
plate (MTP). Prior to conducting the study, ethical
approval was obtained from the local Clinical
Research Ethics Committee (Malatya Turgut Ozal
University - 2021/18), and informed consent was
obtained from all participating patients.
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The inclusion criteria for this study were as follows:
*Age between 18-70

*Displaced medial malleolus fractures

*A follow-up of at least 12 months

The exclusion criteria for this study were as follows:
*Open fractures

*Pathological fractures

*Cases with metabolic bone disease

Patients followed up for less than 12 months

*Cases with systemic diseases such as diabetes,
hypertension, and hyperlipidemia

The patients were homogenized and divided into
three groups according to their demographic
characteristics: age, sex, and the type and side of the
fracture. Group A included 30 patients treated with
cannulated screws with closed or open techniques.
Group B included 30 patients with open mini-
fragment T-plate (MTP) fixation. Group C included
30 patients who were treated with a tension band.

Surgical Methods

In patients in Group A, firstly, closed fracture
reduction was attempted. In patients who could
achieve closed reduction, 2 K-wires were inserted in
parallel, perpendicularly to the fracture line. After
the scopy control, the screws were inserted into the
cannula by drilling over the K-wires. A 3-cm
incision was made subcutaneously over the fracture
in patients who could not achieve closed reduction.
The reduction was successfully achieved through the
debridement of the fracture line. Two K-wires were
inserted in parallel, passing perpendicularly to the
fracture line. After the scopy control, the screws
were inserted into the cannula by drilling over the K-
wires. The surgery was terminated after scopy
control.

In patients in Group B, a 3-cm incision was made
over the fracture after anesthesia. The reduction was
achieved by debriding the fracture line. The 2.0 mm
mini-fragment T-plate was bent and fixed, enclosing
the medial malleolus. The surgery was terminated
after scopy control.

In patients in Group C, a 3-cm incision was made
over the fracture after anesthesia. The fracture line
was debrided, and the reduction was achieved. Two
K-wires and wire cerclage were used for fixation.
The surgery was terminated after scopy control.



Postoperative Evaluation

Patients were asked to move their ankle and knee
joints two days after the surgery and perform range
of motion exercises on the postoperative 15th day.
Mobilization with a partial load was recommended
when signs of the union were seen in the x-rays taken
for control (6 weeks on average). The American
Orthopedic Foot and Ankle Surgery (AOFAS) score
was used to evaluate the ankle and foot function at
the final follow-up examination.

The comparison of cannulated screw (CS), tension
band, and mini-fragment T-plate (MTP) fixation in
medial malleolus fractures was examined within the
study using the G*Power 3.1 program. The sample
size was determined as 60 (each group 30) with an
effect size of 0.70, margin of error of 0.05, a
confidence level of 0.95, and a population
representation of 0.95. (Faul, Erdfelder, Burchner &
Lang, 2009). This sample size calculation ensured
adequate  statistical power for meaningful
comparisons within the study. The analysis of the
data included in the research was carried out with the
SPSS (Statistical Program in Social Sciences) 25
program (IBM SPSS Statistics 25, SPSS Inc., an
IBM Co., Somers, NY). The Kolmogorov Smirnov
Test was used to check whether the data included in
the study conformed to the normal distribution. The
Kruskal Wallis test analysis was performed for
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comparisons in multiple independent groups. Mann
Whitney Analysis was used as a post hoc test for the
variables with difference. Bonferroni-corrected p
value was used as the p value would increase
depending on the increase in the number of
comparisons and calculated with “(0.05/number of
binary comparisons)”. After the Kruskal-Wallis test,
the p values obtained by the Mann-Whitney test are
compared with the calculated p values and the result
is decided. In the analysis of categorical data, Chi-
square (x2) analysis was performed by creating cross
tables.

RESULTS

Results from 90 patients were included in the study
(Group A: Cannulated Screw: 30 patients; Group B:
Mini-fragment T-plate: 30 patients; Group C:
Tension Band: 30 patients). There was no difference
between the groups in terms of age, sex, site of the
fracture or fracture classification (p>0,05) (Table 1).
A statistically significant difference was found
between the types of surgery according to age and
duration of surgery (p<0,05). A statistically
significant difference was found between group a
and group b for age and statistically significant
difference was found between group a and group b,
group a and group ¢, group b and group c for the
duration of surgery (p<0,017).

Table 1. Comparison of Demographic Variables by Groups

Operation
Variables Group A(Cannulated | B(Mini-fragment | C(Tension Total a p
Screw) T-plate) Band)
Female 02 531:2% 561;% 5312% 5442%
Gender e n 12 13 12 a1 0,090 | 0,956
% 46,7% 43,3% 46,7% 45,6%
Right n 13 17 14 44
Side % 43,3% 56,7% 46,7% 48,9% 1159 | 0560
Left n 17 13 16 46
% 56,7% 43,3% 53,3% 51,1%
Reoperation none n 30 30 30 20
% 100,0% 100,0% 100,0% 100,0%
Total n 30 30 30 90
% 100,0% 100,0% 100,0% 100,0%
vVariables A(Cannulated | B(Mini-fragment | C(Tension Krusk_al D
Screw) T-plate) Band) Wallis
Mean =+ sd 75,5 + 7,99 71,9 £ 6,25 70,7 + 4,73 .
A M (Min - Max) | 76.5(60-88) 72(60-81) 70(63-79) maeh | ()
Duration of Mean + sd 17,6 +1,79 39,43 + 4,42 35,8+4,96 63.944 0,001* (A-B, A-
surgery M (Min - Max) 17,5(15-20) 40(30-46) 35(27-44) ' C,B-C)

Data are shown as mean =+ standard deviation, M; Median, Minimum-Maximum or frequency, Test; Kruskal Wallis Test,
*p<0,05; there is a statistically significant difference between the groups.
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After a 12-month follow-up, there was no significant
difference between the groups in terms of the
AOFAS score, plantar flexion, inversion and
eversion (p>0,05). A statistically significant
difference was found between the groups in the
number of scopy and dorsiflexion measurements
(p<0,05). Statistically significant difference was
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found between group a and group b in dorsiflexion
measurement  (p<0,017). According to the
radiographs, the compression ability was weaker in
the miniplate group than in the other groups. The
groups’ mean number of scopy shots was not similar
(p<0,017) (Table 2).

Table 2. Comparison of intraoperative-postoperative and clinical variables by groups

Variables Groups Mean + sd M (Min - Max) Test p
A 16,5 +2,98 16,5(11-22)
AOFAS scores B 15,5+ 3,05 15,5(9-22) 1,952 0,377
C 16,1 £2,73 16(10-22)
A 8,3+0,84 9(7-9)
Scopy Shots B 6,2 +0,85 6(5-7) 53,994 | 0,001* (A-B, A-C, B-C)
C 6,8 +0,41 7(6-7)
A 48,4 + 6,64 49(36-60)
Dorsi flexion (°) B 52,5+6,53 50(40-65) 6,379 0,041* (A-B)
C 50,7 £ 6,82 50(37-64)
A 45,7 +£4.81 45(35-55)
Plantar flexion (°) B 47,8 £5,83 50(38-56) 2,048 0,359
C 46,9 £ 5,82 45(37-55)
A 16,5+ 1,36 16(14-19)
Inversion (°) B 17,7 +£2.35 18(13-22) 3,2 0,202
C 17,1 £2.43 15(14-20)
A 12,9+ 0,84 13(11-14)
Eversion (°) B 13,6 + 1,59 14(12-16) 2,614 0,271
Cc 12,8 £2,12 12(10-15)

Data are shown as mean + standard deviation, M; Median, Minimum-Maximum or frequency, Test; Kruskal Wallis Test,
*p<0,05; there is a statistically significant difference between the groups.

One patient in the mini-fragment T-plate group
developed a superficial infection and recovered after
a 2-week oral antibiotic treatment. One patient in the
tension band group developed skin problems that
were eliminated after a 1-week treatment. In three
patients who were treated with cannulated screws,
the screws were removed after the union because the
patients were dissatisfied due to the prominence of
the screws. There is no additional surgical
intervention in all patients.

DISCUSSION

Medial malleolus fractures are isolated due to trauma
or accompany other ankle fractures, especially in
young patients. There are various surgical options
for the treatment of these fractures. We compared the
commonly used tension band, cannulated screw, and
miniplate treatments. As a result, we observed that
tension bands and cannulated screws with similar
results were better than the miniplate treatment.

Various problems can occur due to the application of
surgical methods. Soft tissue infection can be seen
due to the surgical incision in the mini-plate method,
and pain and discomfort can be experienced due to
the prominence of the screw in the cannulated screw
method. Headless cannulated screws have been used
in the literature to reduce this prominence and
discomfort. However, they have the disadvantage of
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weak compression abilities. In our study, one patient
in the mini-fragment T-plate group developed a
superficial infection and recovered after a 2-week
oral antibiotic treatment. One patient in the tension
band group developed skin problems that responded
to a 1-week treatment. Three patients who underwent
the cannulated screw technique complained of screw
prominence; therefore, their screws were removed in
a second surgery.

In the literature, the duration of the radiological
union in surgical methods has been reported as ten
weeks on average. It is known that there are
differences between surgical techniques in these
studies. Alam et al. (Alam & Parviz, 2007) reported
that malleolar screws provided radiological union in
12 weeks and that the tension band procedure
provided union in 9 weeks. In their study, Kochai et
al. (Kochai et al., 2018) compared patients who
received tension bands, partially threaded cannulated
compression screws, and headless cannulated
compression screws after surgery. As a result of the
study, they determined significant differences
between these methods. The researchers observed
that the headless compression screws resulted in the
shortest duration (9 weeks on average), followed by
the tension band method (10 weeks on average). The
longest duration of radiological union was achieved
with partially threaded cannulated compression



screws (12 weeks on average). In our study, we saw
significant differences between the groups. On
average, the tension band achieved union in 10.5
weeks, the cannulated screw in 11.8 weeks, the
miniplate in 12.8 weeks. Considering that the
radiological union provides early mobilization and
an earlier return to daily activities, we can suggest
that the tension band procedure is more
advantageous.

We did not encounter any non-union in any of our
surgical methods. We observed delayed union at a
rate of 6.7 % in 2 patients who received only the
miniplate treatment. In studies in the literature, few
complications related to medial malleolus fractures
have been seen. Union was achieved in all patients
who were treated with cannulated screws in the study
of Barnes et al. (Barnes et al., 2014), who were
treated with tension bands in the study of O¢giider et
al. (Oggiider, Firat, Ozdemir, & Tecimel, 2017), and
who were treated with screw fixation and tension
bands in the study of Alam et al. (Alam & Parviz,
2007). Due to insufficient blood supply to the medial
malleolus, immobilization after fracture, and
osteoporosis in elderly patients, osteoarthritis or
nonunion is frequently seen in fractures of this
region (Ballmer, Hertel, Noetzli, & Masquelet, 1999;
De Souza, Gustilo, & Meyer, 1985; Gilbert, Horst,
& Nunley, 2004; Oggiider et al., 2017). In the study
of Sneppen et al. (Sneppen, 1969), it was stated that
the rate of osteoarthritis was 45% (from the previous
literature). In our study, 10% of the patients had
osteoarthritis (Cannulated Screw: 4 patients;
Minifragment T-plate: 3 patients; Tension Band: 2
patients). Non-union was not seen in any of the
patients; a delayed union was achieved in 2 patients
(mini-plate group). Although most patients with
osteoarthritis were in the cannulated screw group, no
difference was seen between the groups. Medial
malleolus fractures are intra-articular fractures that
trigger the formation of osteoarthritis, but the
literature and the results of our study support the high
possibility of union.

Issues such as the duration of the plaster-splint
application and the time of load application differ
between studies in the literature and different
surgical methods. In some studies, plaster-splint was
not postoperatively used, while plaster-splint
applications were performed for 2 to 4 weeks.
Furthermore, patients started joint range of motion
exercises immediately after surgery, at the end of the
second week, and towards the end of the 4™ week in
some studies. Tekin et al. (Tekin et al., 2016)
suggested mobilization with partial load in the 8™
week and full load in the 10" week. At the end of the
2" week, the plaster was removed in patients whose
tissue healing was completed and whose stitches
were removed, and joint range of motion exercises
were recommended. On the other hand, Lee et al.
(Lee, Lin, Hamid, & Bohl, 2019) did not apply a
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plaster-splint to any patient. Isometric exercises
were recommended on the second postoperative day,
ankle function-specific exercises on the third day,
and mobilization with partial load in the 3-4™ week.
Kochai et al. (Kochai et al., 2018) removed the
plaster and suggested ankle exercises in the 4™ week,
mobilization with a partial load in the 6™ week, and
mobilization with a full load in the 10™ week. In our
study, we removed the plaster and recommended
foot-ankle exercises in the 2" week after removing
sutures in all groups. We recommended partial load
for 6-8 weeks and full load for 12 weeks for patients
who were treated with cannulated screws and tension
bands. In our study, there was no difference between
the groups. We reached similar results as in other
studies.

CONCLUSION

The retrospective design, limited number of patients,
and lack of a control group are the limitations of the
study. As a result, it was seen that the tension band
and cannulated screw techniques resulted in better
clinical results in patients. However, they were
disadvantageous compared to the miniplate method
in terms of tissue irritation.
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