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ABSTRACT

Objective: Surgical treatment is often preferred for medial malleolus fractures to achieve
anatomic reduction and enable early mobilization. This study aims to evaluate the clinical and
radiological outcomes of fixing Herscovici Type C medial malleolus fractures using tension-
band wiring (TBW) and half and fully threaded cannulated screws.

Methods: This retrospective study included patients aged 18 to 65 who underwent surgery
for isolated medial malleolus fractures between January 2012 and December 2022. Exclusion
criteria were a follow-up period of less than one year, fractures other than Herscovici Type
C, open fractures, use of other implants, or loss to follow-up. Radiological evaluations were
conducted using preoperative anterior-posterior, lateral, and mortise radiographs, along with
computed tomography scans. The talocrural angle, corner angle, and alignment between the
talus and tibial plafond were assessed. Clinical outcomes were measured using the American
Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Scale. Statistical analysis was
performed using SPSS software.

Results: A total of 178 patients were included: 55 (30.9%) underwent TBW fixation, 60
(33.7%) had half-threaded cannulated screw fixation, and 63 (35.4%) received fully threaded
cannulated screw fixation. The mean follow-up period was 76 months, and the mean age was
32.2 years. The TBW group had a significantly longer follow-up period than the other groups
(p=0.000), with no difference between the half and fully threaded screw groups. There were
no differences among the groups regarding fracture side, trauma mechanism, or need for
implant removal. Postoperative talocrural angles were similar across groups (p=0.530). The
postoperative corner angle was significantly lower in the TBW group (mean: 63.4) compared
to the half-threaded (mean: 65.8) and fully threaded (mean: 65.2) screw groups (p=0.049).
AOFAS scores were significantly higher in the half-threaded screw group (mean: 89.1) com-
pared to the TBW (mean: 84.2) and fully threaded screw groups (mean: 85.9) (p=0.02). No
significant difference was found between the half-threaded and fully threaded screw groups
regarding the alignment between the superior facet of the talus and the anterior tibial pla-
fond. The TBW group had a significantly higher number of patients with misaligned joints
compared to the other groups (p=0.000).

Conclusion: Radiological outcomes were better in the half and fully threaded cannulated
screw fixation groups compared to the TBWV fixation group. The AOFAS scores were high-
est in the half-threaded screw fixation group. No significant differences were found among
the groups regarding complications. The study concludes that cannulated screw fixation is
a safer and more effective method for treating isolated medial malleolus fractures than the
TBW fixation method.
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INTRODUCTION

Medial malleolus fractures are common among ankle and
talocrural region fractures, with an annual isolated medial
malleolus fracture incidence of 10-12/100,000. In addition,
it is rare among other talocrural region injuries.l" Clinical
and biomechanical studies suggest that the medial malleo-
lus has primary significance in ankle stability. Isolated me-
dial malleolus fractures make up only 10% of all ankle frac-
tures.B! The surgical treatment of these fractures is still
controversial. While conservative follow-up is suggested in
displaced and non-displaced cases, there are also surgeons
in favor of surgical treatment. Surgical treatment stands
out when it comes to early mobilization of the patients
and essential joint range of motion (ROM).l! The align-
ment of the ankle mortise is vital for the functioning of the
tibiotalar joint. Even one millimeter of talar displacement
can decrease tibiotalar joint contact by 40%, accelerating
the development of osteoarthritis (OA), which results in
poor functional outcomes. Thus, surgical treatment is pre-
ferred in medial malleolus fractures to provide anatomic
reduction and early joint ROM.71 The aim of this study
is to evaluate the clinical and radiological outcomes of the
fixation of Herscovici Type C medial malleolus fractures
by using the tension-band wiring (TBW) (Zuggurtung)
technique and half and fully threaded cannulated screws.

MATERIALS AND METHODS

The study is approved by Umraniye Training and Research
Hospital Ethics Committee for Clinical Trials (registra-
tion no: 240623882). This single-centered retrospective
study examined a total of 243 patients between [8-65
years of age who were operated on due to isolated medial
malleolus fractures between January 2012 and December
2022. Patients with a follow-up period of less than one
year, with fractures other than Herscovici Type C, with
open fractures, and patients having another implant, and
those lost to follow-up were excluded from the study.
After the exclusion of the aforementioned patients, a to-
tal of 178 patients who attended their last follow-up visit
were included in the study. The patients in Group | (55
patients, 30.9%) were treated using the TBW technique
with Kirschner wire and transosseous cerclage wire. The
fractures of Group 2 (60 patients, 33.7%) and Group 3 (63
patients, 35.4%) were fixated using half-threaded cannu-
lated screws and fully threaded cannulated screws, respec-
tively. The fixation method depended on the preference of
the surgeon. The fractures were postoperatively classified
according to the fracture classification system described
by Herscovici et al.®! Only the patients with Herscovici
Type C were included in the study.

Preoperative views of anterior-posterior, lateral, and mor-
tise radiographs, and computed tomography (CT) scans
were considered in the radiological evaluation. The unseen
fracture pattern and/or the bone callus tissue that forms
the fracture pattern were accepted as a sign of radiolog-
ical bone union in the radiographs. The alignment of the

talocrural angle, corner angle, talus, and tibia plafonds were
evaluated from the radiographs taken in the latest follow-
up visits. An experienced orthopedic specialist (MD), who
did not participate in the surgical process, carried out the
radiological measurements and all clinical evaluations. The
American Orthopaedic Foot and Ankle Society (AOFAS)
Ankle-Hindfoot Scale (AHFS) score was used for the eval-
uation of the clinical outcomes.!”

All patients were followed up according to the standard
postoperative follow-up protocol of our clinic. Thus, all
patients were immobilized with short leg braces in the first
four weeks. After the removal of the braces, active and
passive ankle joint ROM exercises were started. VVeight
bearing was allowed only after the patients showed re-
covery not only in clinical examination results but also in
radiological findings. All patients were postoperatively pre-
scribed aspirin 100 mg/day for 4 weeks as standard venous
thromboprophylaxis treatment.

Surgical Technique

The patients were positioned in the supine position and
received intravenous prophylactic cefazolin. After the
placement of the thigh tourniquets, the operations were
begun. Through the incisions made over the medial malle-
olus, the fractures were anatomically reduced and fixated.
In the TBW technique, the incisions were slightly extended
proximally, and a bone tunnel was made 4-5 cm proximal
to the malleolus, and the cerclage wire was passed through
this tunnel (Figure ). Fixations were achieved with two
parallel screws in the half and fully threaded cannulated
screw fixation methods (Figure 2-3).

Statistical Analysis

The data was analyzed using the Statistical Package for
the Social Sciences (SPSS) software (ver. 22.0; IBM Corp.,
Armonk, NY, USA). The normal distribution of the data
was evaluated with the Shapiro-Wilk test and Levene test.
Non-parametric variables were analyzed using the Mann-
Whitney U test, and parametric variables were analyzed
using the Student t-test and ANOVA test. Categorical
variables were compared using Pearson’s chi-squared test,
Monte Carlo simulations, and Fisher’s exact test. Quanti-
tative variables were described as meantstandard devia-
tion or interquartile range (IQR), and median. Qualitative
variables were described as frequencies or rates. A p-value
less than 0.05 was considered statistically significant.

RESULTS

A total of 178 patients were included in the study. Of
these patients, 55 (30.9%), 60 (33.7%), and 63 (35.4%)
were in Group | (TBW fixation group), Group 2 (half-
threaded cannulated screw fixation group), and Group
3 (fully threaded cannulated screw fixation group), re-
spectively. The mean follow-up period was 76 (13-127)
months, and the mean age was 32.2 (18-65) years. The
mean follow-up period was significantly longer in Group |
compared to the other two groups (p=0.000), but there
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Figure 1. Post-union radiograph of the patient fixed with tension band wiring.

Figure 2. Fixation with fully threaded cannulated screw early post operative radiograph.

Figure 3. Fixation with half threaded cannulated screw.

was no significant difference between Group 2 and Group
3. There was no difference among the groups regarding
age, fracture side, trauma mechanism, and the need for
implant removal (p=0.307, p=0.949, p=0.112, p=0.105, re-

spectively) (Table ). There was no significant difference
among the groups in terms of postoperative talocrural an-
gles (p=0.530). Postoperative corner angle was found to
be significantly lower (mean:63.4) in Group | than in the
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Table I. Demographic characteristics of the patients
Group | Group 2 Group 3 Total p
(n=55) (n=60) (n=63)
Age Mean +SD Mean +SD Mean )
27.3 12.4 38 15.4 30.5 13.6 0.307
n % n % n %
Gender
Female 16 35.6 20 44.4 9 20 45 0.038
100%
Male 39 29.3 40 30.1 54 40.6 133
100%
Fracture Side
Right 23 311 24 324 27 36.5 74
100%
Left 32 30.8 36 34.6 36 34.6 104 0.949
100%
Trauma mechanism
Distortion 16 432 9 243 12 324 37
100%
Traffic accident 22 324 20 294 26 382 68
100%
Falling 14 26.4 19 35.8 20 37.7 53 0.112
100%
Crush injury 3 15 12 60 5 25 20
100%

Group |: Tension-band wiring Fixation. Group 2: Half threaded cannulated screw Fixation. Group: Fully threaded cannulated screw Fixation.

Table 2. Comparison of post operative radiologic and
clinical values of the patients
Group |
Mean 12.2 63.4 84.2
Max 19 75 100
Min 5 53 73
+SD 2.95 5.13 7.15
Group 2
Mean 12.8 65.8 89.1
Max 18 78 100
Min 7 55 68
+SD 2.76 4.95 7.73
Group 3
Mean 12.7 65.2 85.9
Max 20 80 100
Min 4 50 75
+SD 3.28 6.09 7.39
p 0.530 0.049 0.02

Group |: Tension-band wiring Fixation. Group 2: Half threaded cannu-
lated screw Fixation. Group: Fully threaded cannulated screw Fixation
AOFAS: American Orthopaedic Foot and Ankle Society.

other two groups, but there was no difference between
half- (mean:65.8) and fully (mean:65.2) threaded cannu-
lated screw fixation groups (p=0.049). AOFAS scores ob-

tained at the last follow-up visit were significantly higher in
Group 2 (mean: 89.1) compared to the other two groups,
but there was no significant difference between Group |
(mean:84.2) and Group 3 (mean:85.9) (p=0.02). There was
no significant difference between Group 2 and Group 3
regarding the alignment of the superior facet of the talus
and anterior tibial plafond. The number of patients with
misaligned joints was found to be significantly higher in
Group 2 than in the other two groups (p=0.000) (Table 2).

DISCUSSION

The surgical treatment of ankle medial malleolus fractures
constitutes an anatomical joint surface and ensures early
mobilization exercises and early weight-bearing to accel-
erate patients’ return to normal life. Studies suggest that
prognosis depends on anatomic reduction and the main-
tenance of this reduction, which is crucial for the union of
ankle fractures.'” The medial malleolus is also supposed
to be aligned in the ankle mortise for normal tibiota-
lar joint alignment.”] The medial malleolus and anterior
talofibular ligaments prevent the medial translation of the
talus.”? Due to the anatomical importance of medial malle-
olus fractures, surgical treatment is preferred to minimize
joint misalignments, instability, and arthritis formation due
to trauma.['"'2

There are many methods for fracture fixation in the liter-
ature. In this study, we compared three of the most com-
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mon methods of fixation. Lee YK et al.l'¥! carried out a
study on |2 fresh cadavers and found that after Herscovici
Type C fractures, the mean contact area decreased by 9%,
and a 2 mm displacement increased mean contact pressure
by 8%. After Herscovici Type C fractures, a 2 mm displace-
ment showed significant changes in contact area and con-
tact pressure when compared to a normal tibiotalar joint.
(31 Except for the treatment method, the degree of the
fracture displacement was also an independent risk factor
for a lower functional result.!

Many methods have been described in the surgical fixation
of the medial malleolus.l”'*'8 The most common ones are
the TBW technique that involves Kirschner wire and cer-
clage wire, and fixation with cancellous lag screws.!’'*2!]
There is no clear evidence on which method is superior
to the others."! Studies indicated that the TBW technique
was more effective in medial malleolus avulsion fractures,
comminuted fractures, and osteoporotic fractures.”? TBW
converts tensile force on the fracture pattern into com-
pression force. Wire and cerclage tension can be adjusted
according to the type of fracture. It can also be used for
cracked or rebroken fractures during the fixation process
with screws.”?2! In one study, functional scores were
found to be better in fixation with TBW when compared
to fixation with screws. TBW fixation was also found to
cause less fixation failure and delayed union.?2

Ebraheim et al.?*! carried out a study evaluating implants
according to medial malleolus fracture types and found
that fixation with TBW had fewer complications and lower
revision rates when compared to screw fixation in Her-
scovici Type C fractures. However, screw fixation demon-
strated better outcomes compared to TBW fixation in
Herscovici Type D fractures. TBW was superior in small
broken bone pieces, poor bone quality, and transverse
fractures, while screws were superior in young patients
and oblique fractures. They concluded that when the suit-
able fixation method was chosen according to the size and
type of the fracture and the patient’s general condition,
excellent clinical and radiological results could be achieved
without any complications.**! However, in our study,
no functional superiority was observed in patients who
underwent the TBW procedure, and the outcomes were
similar for both TBW fixation and fully threaded cannu-
lated screw fixation. We also found TBW fixation to have
poorer outcomes compared to half-threaded cannulated
screw fixation. The TBW fixation group was also observed
to have poorer joint alignment and a smaller ankle corner
angle. Contrary to the literature, TBW fixation was ob-
served to have poorer clinical and radiological outcomes.
We concluded that the poor clinical outcomes of TBW
fixation corresponded to the radiological evaluations.
Although we found no significant difference among fixa-
tion methods regarding complications, TBW was found to
have other disadvantages when compared to screw fixa-
tion. These disadvantages were the proximal extension of
the incision to the fracture pattern and the necessity of a
secondary surgery.?>2! We believe that one of the reasons

for the TBW group having the lowest AOFAS score was
patient dissatisfaction due to implant irritation.

In a biomechanical and clinical study by Ricci et al.,»*! fully
threaded cannulated screws were used in 46 patients, and
half-threaded cannulated screws were used in another
46 patients. Fully threaded cannulated screws had better
biomechanical, radiographical, and clinical outcomes when
compared to half-threaded cannulated screws. Screw loos-
ening was found to be significantly higher (11 times) in
fully threaded cannulated screw fixation when compared
to half-threaded cannulated screw fixation. In transverse
fractures, the strongest fixation was observed in the fully
threaded screw fixation group after the tension and com-
pression forces.'"?! In a study by Yammine et al.,?! they
emphasized less screw loosening and less necessity for
implant removal in fully threaded cannulated screw fixa-
tion when compared to half-threaded cannulated screw
fixation.

They also stated that fixation with screws might not
achieve rigid fixation in this region due to the spongiform
nature of the distal tibial metaphysis, especially in the pres-
ence of osteoporosis. They supported that fully threaded
cannulated screws provided better compression in the dis-
tal tibial metaphysis region and showed better outcomes
by increasing tensile force.’””’ When compared with TBW
fixation, fully and half-threaded cannulated screw fixations
were found to have shorter operation times, less need
for implant removal due to less implant irritation, and
the incisions could be made smaller during operations.®®!
However, in our study, we did not find any significant dif-
ference between half-threaded and fully threaded cannu-
lated screw fixation groups, but we obtained better results
regarding AOFAS scores in the half-threaded cannulated
screw fixation group.

In a biomechanical study by Parker et al.,! 4 mm fully
threaded cancellous screws were found to apply a signif-
icantly higher amount of compression into the fracture
region when compared to partially threaded isometric
cancellous screws.

Our study had limitations. Headless compression screws
were not included in the study as we did not use them due
to their high cost. Bone density (DEXA) scans were not
carried out to evaluate the bone quality of the patients,
and time to union for the fractures was not assessed. We
also believe that potential bias might have occurred due
to the retrospective design of the study, the relatively low
number of patients, the lack of a biomechanical compar-
ison with other fixation methods, and the lack of an in-
dependent orthopedist’s evaluation. The strength of our
study was the assessment of similar isolated medial malle-
olus fractures.

Conclusion

Our study demonstrated satisfying results in all three fix-
ation methods used for medial malleolus fractures. More-
over, the incidence of pain/sensitivity and palpation of the
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medial malleolus associated with implant irritation was
lower in the fully threaded cannulated screw group when
compared to the other two groups. Radiological measures
were found to be better in the TBW group than in the
other two groups, and the AOFAS score was found to be
higher in the half-threaded cannulated screw group. No
significant difference was found among the three groups
regarding complications. VWe concluded that fixation with
cannulated screws was a safer and more effective method
when compared to the TBW method in the treatment of
the medial malleolus. There is a shortage of studies com-
paring these three methods in the literature. We believe
our study will make a valuable contribution to the liter-
ature. Prospective, double-blind, randomized controlled
studies are needed to reach more accurate results.
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Herscovici Tip C Medial Malleol Kinklarnnda Tam Yivli Kanule Vida, Yarim Yivli Kanule

Vida ve Gergi Bandi ile Tespitin Karsilastinlmas: Retrospektif Bir Klinik Calisma

Amag: Medial malleol kiriklarinda anatomik rediiksiyon saglamak ve erken mobilizasyonu miimkiin kilmak igin genellikle cerrahi tedavi tercih
edilir. Bu galisma, Herscovici Tip C medial malleol kiriklarinin tension-band wiring (TBW) ve yarim ve tam yivli kaniile vidalar kullanilarak
tespit edilmesinin klinik ve radyolojik sonuglarini degerlendirmeyi amaglamaktadir.

Gereg ve Yontem: Bu retrospektif calisma, Ocak 2012 ile Aralik 2022 arasinda izole medial malleol kirigi nedeniyle ameliyat edilen 18-
65 yas arasi hastalari igermektedir. Bir yildan az takip siiresi olanlar, Herscovici Tip C disindaki kiriklari olanlar; agik kiriklari olanlar, bagka
implant kullananlar veya takibi kaybedilenler calisma disi birakildi. Radyolojik degerlendirmeler, preoperatif anteroposterior, lateral ve mortis
radyografileri ile bilgisayarli tomografi taramalari kullanilarak yapildi. Talokrural agi, kose agisi ve talus ile tibia tavani arasindaki hizalanma
degerlendirildi. Klinik sonuglar, Amerikan Ortopedik Ayak ve Ayak Bilegi Dernegi (AOFAS) Ayak Bilegi-Arka Ayak Skalasi kullanilarak 6lgiildi.
istatistiksel analiz SPSS yazilimi kullanilarak yapildi.

Bulgular: Toplam 178 hasta galismaya dahil edildi: 55’i (%30.9) TBWV tespiti, 60'1 (%33.7) yarim yivli kaniile vida tespiti ve 63’li (%35.4) tam
yivli kaniile vida tespiti uygulandi. Ortalama takip siiresi 76 ay ve ortalama yas 32.2 yildi. TBW grubunun takip siiresi diger gruplara gére
anlamli derecede daha uzundu (p=0.000), yarim ve tam yivli vida gruplari arasinda fark yoktu. Kirik tarafi, travma mekanizmasi veya implant
gikarma ihtiyaci agisindan gruplar arasinda fark yoktu. Postoperatif talokrural agi gruplar arasinda benzerdi (p=0.530). Postoperatif kose
agisl, TBW grubunda (ortalama: 63.4), yarim yivli (ortalama: 65.8) ve tam yivli (ortalama: 65,2) vida gruplarina gére anlamli derecede daha
diisiiktii (p=0.049). AOFAS skorlari, yarim yivli vida grubunda (ortalama: 89,1), TBW (ortalama: 84.2) ve tam yivli vida gruplarina (ortalama:
85.9) gore anlamli derecede daha yiiksekti (p=0.02). Talus’un iist yiizeyi ile anterior tibia tavani arasindaki hizalanma agisindan yarim ve tam
yivli vida gruplari arasinda anlamli fark bulunmadi. TBW grubunda yanhs hizalanmis eklem sayisi diger gruplara gére anlamli derecede daha
yuksekti (p=0.000).

Sonug: Radyolojik sonuglar; yarim ve tam yivli kaniile vida tespiti gruplarinda TBW tespiti grubuna gore daha iyiydi. AOFAS skorlari, yarim
yivli vida tespiti grubunda en yiiksekti. Komplikasyonlar agisindan gruplar arasinda anlamli fark bulunmadi. Calismada, kaniile vida tespitinin
izole medial malleol kiriklarinin tedavisinde TBWV tespiti yontemine gore daha giivenli ve etkili bir yontem oldugu sonucuna varildi.

Anahtar Sozciikler: Gergi bandi ydontemi; kantile vida ile tespit; medial malleol kirg.




