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Abstract: Few reports have described direct fixation of the Chaput tubercle; screw fixation is usually
employed. Herein, we introduce a novel technique for Chaput tubercle fixation using tension-band
wiring. This technique is applicable to fractured tubercles of various sizes and has the advantage
that the fragment breakage that may occur during screw fixation is impossible. In addition, our
technique increases fixation strength.

Keywords: ankle fracture; syndesmosis injury; Chaput tubercle; avulsion fracture; tension-band

wiring

1. Introduction

Distal tibiofibular syndesmotic injury associated with ankle fracture accounts for
10% of all ankle fractures, and up to 20% are treated surgically as rotational ankle fractures
[1-3]. Distal tibiofibular syndesmosis is critical for maintenance of ankle congruency and
integrity during weight-bearing; unstable syndesmosis requires surgery [4,5]. Anatomical
reduction of an ankle fracture with stabilization of any accompanying syndesmosis injury
is essential to ensure good, long-term functional results and to prevent post-traumatic
arthritis [1,6]. The anterior inferior tibiofibular ligament (AITFL) is the strongest of the
four ligaments of the syndesmosis and plays a prime role in stability; it prevents displace-
ment of the distal fibula outward from the mortis when an external rotation force is ap-
plied to the ankle joint [7,8]. The AITFL is attached to the anterior tibial tubercle on the
distal tibial side (this tubercle is better known as the “Chaput tubercle”). Thus, a fracture
of the tubercle is generally termed a “Chaput fracture”, reflecting indirect injury of the
syndesmosis [9]. Recent studies have suggested that direct fixation of fracture fragments
is optimal for treating syndesmosis joint instability caused by a Chaput fracture [10,11].
Most direct fixation methods employ K-wires or screws [10-12], but this is impossible
when the fracture fragments are small; in addition, the fixation strength is weaker than
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that of tension-band wiring (TBW) [13]. Here, we present a novel tension-band wiring
technique that handles fracture fragments of various sizes and increases fixation strength.
Such wiring is commonly performed in operating rooms.

2. Surgical Technique

This technical note was approved by the Institutional Review Board of Soon-
chunhyang University Cheonan Hospital (approval no. 2022-06-037, 2022-06-22). The pa-
tient provided written informed consent for the publication of this report and the accom-
panying images.

The procedure is performed under general or spinal anesthesia, or a lower extremity
nerve block. The patient is placed supine, and the lower extremity is prepared and draped
in the usual sterile manner. A tourniquet is inflated to ensure a bloodless surgical field. If
a fibular fracture is also present, a curved anterolateral approach is chosen (Figure 1, dot-
ted line). Through this line, first, reduction of the fibular fracture and, in most cases, plate
fixation, and then approach to Chaput fragment are attempted. In the absence of a fibular
fracture, a small anterolateral incision (2-3 c¢m) is created (solid line) directly over the pal-
pable Chaput tubercle of the distal tibia. The anterolateral tibial fragment (the Chaput
fracture) is identified and the fracture is cleared of debris. The fracture is reduced and
temporarily fixed using small point-reduction forceps. The extent of reduction and the
congruency of the articular surface are confirmed via intraoperative fluoroscopy. This also
serves to ensure that the hardware is appropriately positioned and that the articular sur-
face is not displaced. Then, two 1.2-1.6-mm (the diameter varies by the size of the fracture
fragment) Kirschner (K)-wires are inserted proximally from the end edge of the Chaput
fragment through the fracture site. These wires prevent fracture rotation and are later
used to anchor a figure-of-eight wire distally. To ensure that the K-wires are fully seated
on the end of the tubercle after the ends have been bent, they are pulled back slightly.
Next, the medial incision site over the distal tibia is retracted to expose the anterolateral
tibial border approximately 2 to 3 cm cephalad to the fracture site, and a ¢ 4.0-mm, can-
cellous, full-thread screw is inserted without tapping and without complete seating (Fig-
ure 2). Stainless-steel wires (¢ 0.8 mm) are looped around the screw and the K-wires in a
figure-of-eight manner (Figure 3). Then, the loops are tightened to ensure that they cling
to the anteroinferior surface of the distal Chaput fragment and the steel wires are twisted
at the points of insertion in the K-wires. Next, the two K-wires are cut obliquely, bent
medially, and tapped into the medial malleolus; they are now fully seated. If the fracture
fragment is small, thinner K-wires and steel wires are used. If a fracture fragment is im-
pacted, it is possible to first attempt a bone graft. Figure 4 shows a postoperative plain X-
ray of open reduction/internal fixation of a Chaput fracture using this technique (Figure
4). Axial computed tomography confirmed that both the reduction and the fixation were
satisfactory (Figure 5). For this patient, a short leg splint was prescribed postoperatively
for about 1-2 weeks. Then, the cast or range-of-motion (ROM) ankle walker brace was
changed and the patient was instructed not to place weight on the limb for a further 4
weeks. ROM exercise commenced at 4 weeks after surgery, and then weight-bearing was
gradually restored using the ROM ankle walker brace. After 6 weeks, full weight-bearing
commenced, and the brace was removed at 8 weeks. A clinical union was confirmed 6
weeks after surgery and a radiologic union was confirmed on follow-up CT 3 months after
surgery. The patient demographics and clinical analysis results are presented in Table 1.
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Figure 1. If a fibular fracture is also present, we take a curved anterolateral approach (dotted line).
In the absence of such a fracture, a small anterolateral incision (about 2-3 cm) is created (solid line)
directly over the palpable Chaput tubercle of the distal tibia.
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Figure 2. After the Chaput fracture has been reduced, two K-wires and screws are fixed.
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Figure 3. Stainless-steel wires are looped around the screw and the K-wires in a figure-of-eight man-
ner.

Figure 4. A postoperative, plain anteroposterior radiograph shows a Chaput fracture fixed using
the new technique.

Figure 5. Postoperative axial (a) and coronal (b) computed tomography images show that the Cha-
put fracture exhibited good reduction, compression, and fixation (arrow).
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Table 1. Patient demographics and results.

- " N
Lauge-Han- Injury to * Proce . OMAS VAS Interval .
Pt. ... Surgery dure InjuredFollow- Score . Complica-
Age Sex Cause sen Classifi- . . to Union .
No. . Interval Time  Side Up (mo) tions
cation . Pre Post Pre Post (wk)
(hr) (min)
1 57 F S SER IV 138 19 Left 9 30 80 8 1 14 None
2 76 F S SER IV 118 20 Left 14 25 85 0 15 None
3 5 F S SERII 98 18 Right 6 30 9 8 0 14 None
4 39 M S SER IV 87 18 Left 13 35 95 8 0 12 None
5 58 F S SER IV 282 19 Left 12 0 80 9 1 14 None
6 79 F TA PER IV 97 17 Left 6 0 70 8 0 16 None
7 16 M TA PERIV 68 18 Right 4 40 95 8 0 13 None
8 17 M TA PERII 39 18 Right 4 30 9 7 0 12 None
9 53 F S SER IV 258 16 Left 3 0 60 9 0 14 None
Mean 50.1 NA NA NA 131.7 18.1 NA 79 211 828 8 02 138 NA
SD 225 NA NA NA 83.5 1.2 NA 42 164 11.8 0.7 04 1.3 NA
4 0.007  0.006
value

Abbreviations: Pt. No., patient number; OMAS, Olerud-Molander Ankle Score; VAS, visual analog
scale; Pre, preoperative; Post, postoperative; F, female; M, male; S, slip down; TA, traffic accident;
SER, supination external rotation; NA, not applicable; SD, standard deviation; * procedure time,
tension-band wiring time. Statistical analysis was performed by a statistical expert. All calculations
were made using SPSS, version 26.0, software (IBM Corp., Armonk, NY, USA). Quantitative varia-
bles are expressed as the mean + standard deviation. The pre- and postoperative VAS and OMAS
scores were compared using the Wilcoxon signed-rank test. A two-sided test with p < 0.05 was con-
sidered statistically significant.

3. Discussion

Several studies have reported the prognoses of Chaput fracture treatment. Haraguchi
et al. [14] reported that the union rate of non-operated Chaput tubercle fractures was only
65%. Birnie et al. [15] reported that four patients (6.2%) of an AITL avulsion fracture group
required additional surgery. Zhao et al. [16] performed open reduction/internal fixation
on 15 adult patients with ankle fractures involving Tillaux—-Chaput fractures. The mean
AOFAS score was 87, with an excellent or good rate of 80%: excellent in nine cases, good
in three, and fair in three. Bae et al. [11] performed direct avulsion fracture fixation on
patients evidencing syndesmotic instability after malleolar fractures combined with AITL
avulsion fractures. Syndesmotic stability was achieved by 45 (83.3%) of 54 patients; the
remaining 9 (16.7%) required additional syndesmosis screw fixation.

Direct fixation of a fractured Chaput tubercle ensures not only bone-to-bone fixation
of the anterior syndesmosis but also correct positioning of the fibula into the tibial incisura
[17]. A few studies have found that inadequately treated bony avulsions of the tibiofibular
syndesmosis can trigger translational or rotational malposition, which damages the struc-
ture of the ankle mortise [18,19]. After such a postoperative event, revision surgery should
be urgently performed.

Several methods for direct fixation of Chaput fractures have been described. Chung
etal. [10] reported good results after direct fixation of anteroinferior, tibiofibular, ligament
avulsion fractures using K-wires, mini-screws, or absorbable suture materials. Six cases
presented with Chaput fractures, including four of the modified Wagstaffe classification
type III and two of type IV. However, the fixation materials were not described. Rammelt
et al. [20] used plates, screws, and suture anchors. Gasparova et al. [12] found that screw
fixation was optimal for monofragmented fractures, but plate fixation was best for mul-
tifragmentary fractures.
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Historically, TBW has been recommended for AO patients when a fragment is too
small for screw fixation into an avulsion fracture or when screw fixation is inadequate,
such as in osteoporotic bone [21]. However, TBW has gradually become used to fix large
fragments; it is increasingly recognized that TBW ensures good fusion rates and good
functional results [22]. We reviewed the literature when applying TBW to treat Chaput
fractures.

However, a limitation of this study is that the fixation strength of this technique was
not compared with other devices in fixing the Chaput tubercle fragment. It is thought that
cadaver studies for strength comparison are necessary.

Our technique is independent of the size of the fractured Chaput tubercle. Neither
high-level surgical skill nor extensive experience are required.

4. Conclusions

This technique is applicable to fractured tubercles of various sizes. Additionally, it is
advantageous when there is a possibility that fragment breakage may occur during other
device fixation.

Author Contributions: Conceptualization, W.-].K. and E.-D.Y.; methodology, Y.-C.H.; software, C.-
H.H.; validation, W.-J.K. and Y.-C.H.; formal analysis, W.-].K,; investigation, E.-D.Y. and H.-S.L.;
resources, S.-].Y.; data curation, Y.-C.H. and D.-W.L.; writing—original draft preparation, W.-].K,;
writing —review and editing, Y.-C.H.; visualization, S.-H.W_; supervision, J.-Y.J., K.-].]., and S.-H.K,;
project administration, S.-H.K. and J.-Y.J.; funding acquisition, K.-J.J. All authors have read and
agreed to the published version of the manuscript.

Funding: The authors would like to thank the Soonchunhyang University Research Fund for sup-
port. (1022-0019). This research was supported by the Bio & Medical Technology Development Pro-
gram of the Korea Medical Device Development Fund (KMDF) funded by the Ministry of Health
and Welfare (202015X36-03).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board and Human Research Eth-
ics Committee of Soonchunhyang University Cheonan Hospital (IRB No. 2022-05-029).

Informed Consent Statement: Written informed consent has been obtained from the patient to pub-
lish this paper.

Data Availability Statement: Data sharing is not applicable to this article as no datasets were gen-
erated or analyzed during the current study.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

AITFL anterior inferior tibiofibular ligament
TBW tension-band wiring

K Kirschner

ROM range-of-motion

1. Egol, K.A; Pahk, B.; Walsh, M.; Tejwani, N.C.; Davidovitch, R.I,; Koval, K.J. Outcome after unstable ankle fracture: Effect of
syndesmotic stabilization. J. Orthop. Trauma 2010, 24, 7-11.

2. Van den Bekerom, M.P.; Lamme, B.; Hogervorst, M.; Bolhuis, H.W. Which ankle fractures require syndesmotic stabilization? J.
Foot Ankle Surg. 2007, 46, 456—463.

Ll

Court-Brown, C.M.; McBirnie, J.; Wilson, G. Adult ankle fractures: An increasing problem? Acta Orthop. Scand. 1998, 69, 43-47.
Bartonicek, J. Anatomy of the tibiofibular syndesmosis and its clinical relevance. Surg. Radiol. Anat. 2003, 25, 379-386.

5. van Zuuren, W.J.; Schepers, T.; Beumer, A.; Sierevelt, I.; van Noort, A.; van den Bekerom, M.P.]J. Acute syndesmotic instability
in ankle fractures: A review. Foot Ankle Surg. 2017, 23, 135-141.

6.  Sagi, H.C,; Shah, A.R.; Sanders, R.W. The functional consequence of syndesmotic joint malreduction at a minimum 2-year fol-
low-up. J. Orthop. Trauma 2012, 26, 439-443.



Medicina 2022, 58, 1005 7 of 7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

Ogilvie-Harris, D.].; Reed, S.C. Disruption of the ankle syndesmosis: Diagnosis and treatment by arthroscopic surgery. Arthros-
copy 1994, 10, 561-568.

Yuen, C.P.; Lui, T.H. Distal tibiofibular syndesmosis: Anatomy, biomechanics, injury and management. Open Orthop. ]. 2017,
11, 670-677.

Chaput, H. Les Fractures Malléolaires du cou-de-pied et les Accidents du Travail; Masson et Cie: Paris, France, 1907.

Chung, H.-J.; Bae, S5.-Y.; Kim, M.-Y. Treatment of anteroinferior tibiofibular ligament avulsion fracture accompanied with ankle
fracture. J. Korean Foot Ankle Soc. 2011, 15, 13-17.

Bae, KJ.; Kang, S.B.; Kim, J.; Lee, J.; Go, T.W. Reduction and fixation of anterior inferior tibiofibular ligament avulsion fracture
without syndesmotic screw fixation in rotational ankle fracture. J. Int Med. Res. 2020, 48, 300060519882550.

Gasparova, M.; Falougy, H.E.; Kubikova, E.; Almasi, J. Isolated “Tillaux” fracture in adulthood: Rarity where the key of success
is not to miss it. Bratisl. Lek. Listy 2020, 121, 533-536.

Johnson, B.A; Fallat, L.M. Comparison of tension-band wire and cancellous bone screw fixation for medial malleolar fractures.
J. Foot Ankle Surg. 1997, 36, 284-289.

Haraguchi, N.; Toga, H.; Shiba, N.; Kato, F. Avulsion fracture of the lateral ankle ligament complex in severe inversion injury:
Incidence and clinical outcome. Am. J. Sports Med. 2007, 35, 1144-1152.

Birnie, M.F.N.; van Schilt, K.L.J.; Sanders, F.R.K,; Kloen, P.; Schepers, T. Anterior inferior tibiofibular ligament avulsion fractures
in operatively treated ankle fractures: A retrospective analysis. Arch. Orthop. Trauma Surg. 2019, 139, 787-793.

Zhao, J.; Shu, H.; Li, W.; Liu, Y.; Shi, B.; Zheng, G. Clinical features and surgical effectiveness of ankle fractures involving Tillaux-
Chaput in adults. Chin. ]. Reparative Reconstr. Surg. 2015, 29, 288-291.

Rammelt, S.; Bartonicek, J.; Kroker, L.; Neumann, A.P. Surgical fixation of quadrimalleolar fractures of the ankle. J. Orthop.
Trauma 2021, 35, e216—222.

Rammelt, S.; Boszczyk, A. Computed tomography in the diagnosis and treatment of ankle fractures: A critical analysis review.
JBJS Rev. 2018, 6, €7.

Marx, C.; Schaser, K.D.; Rammelt, S. Early corrections after failed ankle fracture fixation. Z. Orthop. Unf. 2021, 159, 323-331.
Rammelt, S.; Bartonicek, J.; Schepers, T.; Kroker, L. Fixation of anterolateral distal tibial fractures: The anterior malleolus. Oper.
Orthop. Traumatol. 2021, 33, 125-138.

Muller, M.; Allgower, M.; Schneider, R.; Willenegger, H. Screws and plates and their application. Man. Intern. Fixat. 1991, 3, 179-
290.

Kanakis, T.E.; Papadakis, E.; Orfanos, A.; Andreadakis, A.; Xylouris, E. Figure eight tension band in the treatment of fractures
and pseudarthroses of the medial malleolus. Injury 1990, 21, 393-397.



	1. Introduction
	2. Surgical Technique
	3. Discussion
	4. Conclusions
	Abbreviations
	References

