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A B S T R A C T

There is no universal method with cutoff values for the assessment of distal tibiofibular joint reduction in acute
syndesmotic injuries. It is important to detect malreductions because they may lead to impaired functional out-
come and may demand reoperations. The aim of this study was to systematically review the literature to evaluate
the appropriateness of different image techniques in determining syndesmotic malalignment. A literature search
was conducted in Medline, Embase, and the Cochrane Library to search for articles assessing syndesmotic reduc-
tion. Excluded were articles where no criteria and/or measurements for syndesmotic reduction were provided,
only normative values were provided and reviews. In total, 2157 articles were found, of which 1421 studies were
screened for title and abstract after exclusion of duplicates. One hundred ten studies were eligible for full-text
analysis. Of these, 61 were excluded. Three studies where added after screening the included references. Fifty-two
studies were included, of which 32 were original publications and 20 were publications referring to the original
publications. From the original publications, 14 used plains radiographs, 19 computed tomographic (CT) scans,
and 5 used 3-dimensional CT scans (some authors used >1 modality in their study). For each modality, a large
number of parameters and different cutoff values were reported. CT scanning is superior to plain radiography in
the assessment of the quality of joint reduction. Parameters used the most were fibular position in the incisura
and fibular rotation. The criteria for adequate reduction should at least include the position of the fibula in the inci-
sura and rotation of the fibula, while ensuring adequate fibular length, all equaling or at least approaching the val-
ues of the uninjured contralateral side.

© 2018 by the American College of Foot and Ankle Surgeons. All rights reserved.
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Over the last decades the incidence of ankle fractures has increased
(1). In approximately 20% of the patients with an ankle fracture, tibio-
fibular (TF) syndesmotic disruption is present (2). It is well-established
that syndesmotic injuries have a strong relation with post-traumatic
arthritis (3,4); as a result of this relationship, anatomic reduction of
the TF syndesmosis is essential to minimize the risk of developing
post-traumatic osteoarthritis (5,6). In addition, it has been found that
malreduction of the syndesmosis leads to significantly worse functional
outcomes (7,8).

Several controversies regarding treatment for syndesmotic injuries
are present. A survey showed that there is a disagreement between
(orthopedic) trauma surgeons regarding management of syndesmotic
injury (9). For example, there is no consensus regarding the optimal
size and number of screws needed for syndesmotic reduction (4,10).
Furthermore, it is unclear whether this syndesmotic screw needs to be
removed after the syndesmosis has healed or removal is only indicated
in case of symptomatic implants (eg, painful implants or restricted
range of motion) (8,10). Retaining the syndesmotic screw requires ana-
tomic fixation of the syndesmotic joint because improper fixation may
lead to restricted range of motion or implant-related pain, which in
turn mandates syndesmotic screw removal (11−13). It is important to
note that the morphology of the incisura fibularis has been found to be
associated with specific malreduction patterns (14,15). A shallow inci-
sura is, for example, correlated with anterior fibular malreduction and a
deep incisura is predisposed to posterior sagittal plane and rotational
malalignment (15).

Currently, there is no universally applied method for confirming
adequate reduction of the syndesmosis. As a result, malreductions may
go undetected with possible diminished functional outcomes.

The aim of this article was to systematically review studies assessing
the quality of distal TF syndesmosis reduction to evaluate the
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appropriateness of different image techniques in determining syndes-
motic malalignment. A secondary aim was to compare functional out-
comes with anatomic versus nonanatomic reductions.

Materials and Methods

This systematic review was performed using the Preferred Reporting Items for
Systematic Reviews and Meta-analyses guidelines. (16) A search of the online data-
bases PubMed, Embase, and the Cochrane library was performed with the help of a
clinical librarian using the following search terms: ankle fracture, ankle injury, distal
tibiofibular joint, syndesmos*, (mal)reduct*, computed tomograph*, and radiograph*
(full search strings are available in the Supplemental Appendix). Each search term
was modified to fit use in the different databases. Studies were screened by 3 differ-
ent independent raters (S.v.d.H., S.D., and T.G.) using an online tool (www.covidence.
org). Discrepancies between the raters were resolved through discussion, after which
consensus was reached.

Based on title and abstract articles were eligible for inclusion in the study if:

1. They described acute syndesmotic injuries (including simulated injuries),
2. Surgical fixation of the syndesmosis was performed (metal screw or reduction

clamp). And
3. Intraoperative and/or postoperative imaging was described.

No limitations for publication date were made, which led to a wide selection of
articles eligible for inclusion. The full texts of the included studies were assessed and
studies were excluded if:
Fig. 1. Flowchart for the literature search according to the Preferred Repor
1. No criteria and/or measurements for syndesmotic reduction were provided (eg, TF
distance was mentioned to be used for assessing reduction however the maximum
value was not provided),

2. Only normative values were provided,
3. The study was a review,
4. Reduction of the ankle instead of syndesmosis was performed,
5. No original data were reported (same cohort reported twice with no new data), or
6. The full text article was not available.

For the included studies, the following data were extracted: year of the study, modal-
ity used for the assessment of quality of reduction, criteria for assessing reduction, and if,
available, functional outcome. Among the studies included, some only referred to other
included studies (original publications) when mentioning their threshold for anatomic
reduction. We decided not to fully display these studies but rather to mention the cita-
tions in in the tables under the column number of citations. For this reason, the number
of included studies (n = 52) does not match the studies that are shown in the tables
(n = 38).

Results

The search was last updated on the August 8, 2018. In total, 2157
articles were found, of which 736 were duplicates; duplicates were
removed (Fig. 1). A total of 1421 studies were screened for title and
abstract after which 1311 studies were excluded. The remaining 110
studies were eligible for full-text analysis. Of these, 61 studies were
excluded because of the following reasons:
ting Items for Systematic Reviews and Meta-analyses 2009 guidelines.
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Fig. 2. Measurements according to Harper et al (17) in anteroposterior view (weightbear-
ing). TFCS, tibiofibular clear space; TFO, tibiofibular overlap.

Fig. 3. Measurements according to Harper et al (17) in mortise view (weightbearing).
TFCS, tibiofibular clear space; TFO, tibiofibular overlap.
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1. No criteria and/or measurements for syndesmotic reduction were
provided (n = 21),

2. Only normative values were provided (n = 4),
3. The study was a review (n = 10),
4. Reduction of the ankle instead of syndesmosis was described

(n = 13),
5. No original data were reported (n = 3), or
6. The full-text article was not available (n = 10).

Three studies where added after screening the references of the
included studies. Fourteen original studies used plain radiographs for
the assessment of quality of reduction, 19 used standard computed
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tomographic (CT) scans and 5 used (intraoperative) 3-dimensional (3D)
CT scans.

Postoperative plain radiographs

An overview of the studies using plain radiographs for the assess-
ment of quality of reduction is depicted in Table 1. In total, 10 different
parameters were described. The TF clear space was the parameter
included most frequently in criteria for assessing the reduction (9 of the
included studies). The method by Harper et al (17) was cited the most
times (n = 3). Measurements according to Harper et al (17) existed of:

1. A TF “clear space” on the anteroposterior and mortise views of less
than approximately 6 mm;

2. TF overlap on the anteroposterior view of greater than approxi-
mately 6 mm or 42% of fibular width; and

3. TF overlap on the mortise view of >1 mm (Figs. 2 and 3).

CT Scans

An overview of the studies using CT scans for the assessment of
quality of reduction is depicted in Table 2. In total, 12 different parame-
ters were described. Parameters used the most were anterior TF dis-
tance (n = 11), posterior TF distance, (n = 11) and fibular rotation (n = 7);
in 12 studies the anatomywas compared with the noninjured contralat-
eral side. The method by Gardner et al (19) and Nault et al (30) were
cited the most (n = 7). Measurements from Gardner et al (19) contained
the distance between the fibula and the anterior and posterior facets of
the incisura; Nault et al (30) added fibular rotation, anterior posterior
translation, and TF clear space to these measurements (19, 30) (Fig. 4).
Differences between the anterior and posterior measurements of
>2 mmwere considered incongruous (19, 30).

Three-Dimensional Reconstructions of Radiographs

An overview of the studies using 3D reconstructions (in 3 planes—
sagittal, coronal, and axial) for the assessment of quality of reduction
are depicted in Table 3. In total, 6 parameters were described.

Functional Outcome

An overview of the studies using CT scans for the assessment of rela-
tion between functional outcome and anatomic versus nonanatomic
reduction is depicted in Table 4. In total, 6 studies described a relation
between functional outcomes and malreduction (7, 23, 34, 38, 40).
Three of these studies found a significant relation between the quality
of reduction and functional outcomes (7, 23, 34).

Discussion

The aim of the present study was to systematically review the litera-
ture regarding the various methods used for assessing the quality of dis-
tal TF syndesmotic reduction. Three modalities that are being used for
this purpose were identified and included in this study, namely, plain
radiography, CT scans, and 3D CT scans. In total, 52 studies were included
and a total of 28 different parameters were identified (plain radiographs
(49), CT scans (50), and 3D CT scans (15)). In addition, 6 studies investi-
gated the relation between functional outcomes and malreduction.

The results of this study show that CT scanning was the most used
modality (n = 19), followed by plain radiography (n = 14) and 3D CT
scans (n = 5). TF clear space (n = 9) and medial clear space (n = 8) where
the most used parameters for plain radiography. Anterior TF distance
(n = 11) and posterior TF distance (n = 11) where the most frequently



Fig. 4. Axial computed tomography scan containing the measurements of Nault et al (30). (A) Anterior tibiofibular distance. (B) Posterior tibiofibular distance. (C) Distance between the
tibia and the fibula in the middle of the incisura. (D) Distance between the anterior part of the fibula and the perpendicular. (E) Distance between the posterior part of the fibula and the
perpendicular in line with the anterior measure. (F) The same perpendicular line is brought at the level of the most anterior point of the incisura. Distance between that line and the most
anterior point of the fibula. Ɵ, angle between a line drawn between the anterior and posterior point of the incisura and a line drawn in the fibula representing its orientation (internal
rotation being a negative angle).
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used parameters for CT scanning. Fibular rotation (n = 2) was used the
most times for 3D CT scans. Knops et al (42) evaluated 4 methods for
measuring fibular rotation and recommended that the angle between
the tangent of the anterior tibial surface and the bisection of the vertical
midline of the fibula at the level of the incisura is most reliable.

Prior studies have noted that plain radiography is not sufficient for
an accurate diagnosis of syndesmotic reduction (19, 49, 51, 52). Gardner
et al (19) found that CT scans detected significantly more (52%) syndes-
motic malreductions compared with standard postoperative radio-
graphic measurements (24%). In addition, Ebraheim et al (49) showed
that CT scanning is more sensitive in detecting minor degrees of syn-
desmotic injuries compared with plain radiography. Furthermore, Gar-
ner et al (53) showed that the intraobserver and interobserver
Table 3
Original studies assessing reduction on 3-dimensional reconstructions

Reference Year Fibular
Rotation

Volume of
Syndesmotic Space

TF
Overlap

Marmor et al (21) 2011 �
Knops et al (42) 2013 �
Franke et al (43) 2014 �
Schon et al (44) 2017 �
Putnam et al (45) 2017
Total 2 1 1

Abbreviation: TF, tibiofibular.
* Number of citations in included studies.
variability was low for plain radiographs in the assessment of ankle
fracture reduction. This finding is conceivable because cutoff values of 1
to 2 mm are proposed, which may be very difficult to measure accu-
rately on plain radiographs. Therefore, CT scanning is thought to be
superior to plain radiography, although it has the disadvantage that in
most hospitals this modality is not available intraoperatively. This bar-
rier means that syndesmotic malreduction may only be detected post-
operatively, demanding a reoperation.

Intraoperative 3D reconstructions of radiographs may offer a solu-
tion to this problem. A small number of studies suggest that 3D CT scan-
ning is more accurate in detecting reduction of the syndesmosis
compared with plain radiography. Franke et al (50) describe that intrao-
perative 3D scans altered the surgical outcome in 82 of 251 (32.7%)
Position in
TF Incisura

Medial and Lateral
Clear Space

Trans-syndesmotic
Angle

No. of
Citations*

� �

�
1 1 1



Table 4
Functional outcome in patients with anatomic vs nonanatomic reduction

Modality Anatomical Reduction Nonanatomic Reduction P value

Berkes et al (34) CT 77.3* 66.8* .05
Kortekangas et al (38) CT 85y 69y NS
Sagi et al (7) CT 46.3y 72.7y .05
Kotwal et al (40) CT 93.1z 88.4z NS
Naqvi et al (23) Radiographs, CT NPz NPz .02
Cherney et al (46) CT 62.6y 67.5y NSx

Abbreviations: CT, computed tomographic scan; NP, not provided; NS, not significant.
* Foot and Ankle Outcome Score subdomain symptoms.
y Olerud-Molander score.
z American Orthopaedic Foot and Ankle Society hindfoot-ankle (47, 48)
x Three cutoff values for malreduction are described; the most liberal cutoff is depicted here.
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ankles. Three-dimensional reconstructions of radiographs have proved
to be most helpful in intraoperative recognition of inadequate reduction
(54). They are, however, not widely available and therefore these results
are of doubtful clinical relevance.

Twelve of the 19 studies performed a bilateral CT scan for direct
comparison between the uninjured and surgically treated sides. This
practice is of additive value in improving the accuracy of syndesmotic
reduction because the anatomy may differ in each patient. To allow for
an accurate comparison of the syndesmoses, all measurements were
made at the level 1 cm proximal to the tibial plafond. Although not
described by all authors, the use of a cast or fixation device may be used
to improve the comparability with the uninjured contralateral side as
both legs are in the same position. Recent studies found that there is an
anatomic variation in the shape of the incisura fibularis (14, 15, 22, 55).
Surprisingly, imaging of both ankles was performed in only 1 study that
used plain radiography. Surgeons should be aware of possible variations
and therefore both ankles should be visualized. In addition, Shah et al
(56) showed that it is more effective to compare the syndesmosis with
the uninjured ankle instead of comparing the syndesmosis with norma-
tive values based on the general population. Furthermore for adequate
reduction, fibular length is essential (57).

There seems to be a negative relationship between functional out-
comes and malreduction. Weening et al (8) found that the only signifi-
cant predictor of functional outcome was reduction of the syndesmosis.
The results of this study are in line with those of previous studies, sug-
gesting a negative relation between malreduction and functional out-
come. For example, Sagi et al (7) demonstrated significantly worse
functional outcomes at a minimum of 2 years follow-up.

There are several limitations to our study. A large number of different
parameters was used in the included studies with different cutoff values
making interpretation of the results difficult and a planned meta-analysis
impossible. In addition, only a few articles studied the relation between
functional outcomes and reduction of the syndesmosis, which could pro-
vide more insight as to which parameters are clinically relevant. How-
ever, despite our appreciation of the limitations of our investigation, we
believe that the results of this study could be useful. Especially in
research as an unambiguous parameter regarding syndesmotic, (mal)
reduction is mandatory for comparing different studies on this subject.

Although a meta-analysis was not possible, some recommendations
based on the results can be made. We believe CT scanning is superior to
plain radiographs and in case of doubtful reduction, a CT scan should be
made. Furthermore, both ankles should be visualized in all cases to
assess any possible anatomic variations. Criteria for reduction of the
syndesmosis should include at least the

1. Position of the fibula in the incisura,
2. Fibular rotation, and
3. Fibular length.
We propose this parameter to be measured through anterior TF dis-
tance, posterior TF distance, fibular length, and fibular rotation all
equaling ≤2 mm or <10°, respectively (58), when compared with the
uninjured contralateral side. By imaging the contralateral side, strict
cutoff values are redundant; the anatomy of the syndesmosis on the
injured side should approximate the uninjured side. This technique also
has the advantage that it can be applied using all modalities.

In conclusion, our findings suggest that a CT scan is superior to plain
radiography in the assessment of the quality of syndesmotic joint
reduction. The criteria for adequate reduction should at least include
the position of the fibula in the incisura, rotation of the fibula, and ade-
quate fibular length. We propose this parameter to be measured
through anterior TF distance, posterior TF distance, fibular rotation, and
fibular length, all equaling or at least approaching the values of the
uninjured contralateral side. Second, the findings of this study support
the notion of a negative relation between malreduction and functional
outcome.
Supplementary Materials

Supplementary material associated with this article can be found in
the online version at https://doi.org/10.1053/j.jfas.2018.08.038.
References

1. Kannus P, Palvanen M, Niemi S, Parkkari J, J€arvinen M. Stabilizing incidence of low-
trauma ankle fractures in elderly people Finnish statistics in 1970-2006 and predic-
tion for the future. Bone 2008;43(2):340–342.

2. van den Bekerom MPJ, Lamme B, Hogervorst M, Bolhuis HW. Which ankle fractures
require syndesmotic stabilization? J Foot Ankle Surg 2007;46(6):456–463.

3. Ray R, Koohnejad N, Clement ND, Keenan GF. Ankle fractures with syndesmotic stabi-
lisation are associated with a high rate of secondary osteoarthritis 2017 Oct 28. [Epub
ahead of print].

4. Schepers T, Dingemans SA, Rammelt S. Recent developments in the treatment of
acute syndesmotic injuries. Fuß Sprunggelenk 2016;14(2):66–78.

5. Leeds H, Ehrlich M. Instability of the distal tibiofibular syndesmosis after bimalleolar
and trimalleolar ankle fractures. J Bone Jt Surg Am 1984;66;490–503.

6. Pettrone FA, Gail M, Pee D, Fitzpatrick T, Van Herpe LB. Quantitative criteria for pre-
diction of the results after displaced fracture of the ankle. J Bone Joint Surg Am
1983;65(5):667–677.

7. Sagi HC, Shah AR, Sanders RW. The Functional Consequence of Syndesmotic Joint
Malreduction at a Minimum 2-Year Follow-Up. J Orthop Trauma 2012;26(7):439–
443.

8. Weening B, Bhandari M. Predictors of functional outcome following transsyndes-
motic screw fixation of ankle fractures. J Orthop Trauma 2005;19(2):102–108.

9. Schepers T, Van ZuurenWJ, Van Den BekeromMPJ, Vogels LMM, Van Lieshout EMM. The
management of acute distal tibio-fibular syndesmotic injuries: Results of a nationwide
survey. Injury 2012;43(10):1718–1723.

10. Dingemans SA, Rammelt S, White TO, Goslings JC, Schepers T. Should syndesmotic
screws be removed after surgical fixation of unstable ankle fractures? a systematic
review. Bone Jt J 2016;98−B(11):1497–1504.

11. Needleman RL, Skrade DA, Stiehl JB. Effect of the syndesmotic screw on ankle motion.
Foot Ankle 1989;10(1):17–24.

12. Olerud C. The effect of the syndesmotic screw on the extension capacity of the ankle
joint. Arch Orthop Trauma Surg 1985;104(5):299–302.

https://doi.org/10.1053/j.jfas.2018.08.038
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0001
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0001
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0001
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0001
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0002
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0002
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0004
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0004
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0004
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0005
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0005
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0006
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0006
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0006
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0007
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0007
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0007
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0008
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0008
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0009
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0009
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0009
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0010
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0010
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0010
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0011
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0011
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0012
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0012


150 S.B. van den Heuvel et al. / The Journal of Foot & Ankle Surgery 58 (2019) 144−150
13. Peter RE, Harrington RM, Henley MB, Tencer AF. Biomechanical effects of internal fix-
ation of the distal tibiofibular syndesmotic joint: comparison of two fixation techni-
ques [Internet]. J Orthop Trauma 1994;8(3):215–219.

14. Boszczyk A, Kwapisz S, Kr€ummel M, Grass R, Rammelt S. Correlation of incisura anat-
omy with syndesmotic malreduction. Foot Ankle Int 2018;39:369–375.

15. Cherney SM, Spraggs-Hughes AG, McAndrew CM, Ricci WM, Gardner MJ. Incisura
morphology as a risk factor for syndesmotic malreduction. Foot Ankle Int 2016;37
(7):748–754.

16. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gùtzsche PC, Ioannidis JPA, Clarke M,
Devereaux PJ, Kleijnen J, Moher D. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate health care interventions: expla-
nation and elaboration. PLoS Med 2009;6(7):e1000100.

17. Harper MC, Keller TS. A radiographic evaluation of the tibiofibular syndesmosis. Foot
ankle Int 1989;10(3):156–160.

18. Xenos JS, Hopkinson WJ, Mulligan ME, Olson EJ, Popovic NA. The tibiofibular syndes-
mosis. Evaluation of the ligamentous structures, methods of fixation, and radio-
graphic assessment. J Bone Joint Surg Am 1995;77(6):847–856.

19. Gardner MJ, Demetrakopoulos D, Briggs SM, Helfet DL, Lorich DG. Malreduction of the
Tibiofibular Syndesmosis in Ankle Fractures. Foot Ankle Int 2006;27(10):788–792.

20. Pelton K, Thordarson DB, Barnwell J. Open versus closed treatment of the fibula in
Maissoneuve injuries. Foot Ankle Int 2010;31(7):604–608.

21. Marmor M, Hansen E, Han HK, Buckley J, Matityahu A. Limitations of standard fluo-
roscopy in detecting rotational malreduction of the syndesmosis in an ankle fracture
model. Foot Ankle Int 2011;32(6):616–622.

22. Mukhopadhyay S, Metcalfe A, Guha AR, Mohanty K, Hemmadi S, Lyons K, O’Doherty
D. Malreduction of syndesmosis - Are we considering the anatomical variation?
Injury 2011;42(10):1073–1076.

23. Naqvi GA, Cunningham P, Lynch B, Galvin R, Awan N. Fixation of ankle syndesmotic
injuries. Am J Sports Med 2012;40(12):2828–2835.

24. Rasi AM, Kazemian G, Omidian MM, Nemati A. Syndesmotic malreduction after ankle
ORIF; is radiography sufficient? Arch Bone Jt Surg 2013;1(2):98–102.

25. Schottel PC, Berkes MB, Little MTM, Garner MR, Fabricant PD, Lazaro LE, Helfet DL,
Lorich DG. Comparison of clinical outcome of pronation external rotation versus supi-
nation external rotation ankle fractures. Foot Ankle Int 2014;35(4):353–359.

26. Laflamme M, Belzile EL, B�edard L, van den Bekerom MPJ, Glazebrook M, Pelet S. A pro-
spective randomized multicenter trial comparing clinical outcomes of patients treated
surgically with a static or dynamic implant for acute ankle syndesmosis rupture. J Orthop
Trauma 2015;29(5):216–223.

27. Little MMT, Berkes MB, Schottel PC, Garner MR, Lazaro LE, Birnbaum JF, Helfet DL,
Lorich DG. Anatomic fixation of supination external rotation type IV equivalent ankle
fractures level of evidence: therapeutic level III. See instructions for authors for a
complete description of levels of evidence. J Orthop Trauma 2015;29:250–255.

28. Futamura K, Baba T, Mogami A, Morohashi I, Kanda A, Obayashi O, Sato K, Ueda Y,
Kurata Y, Tsuji H, Kaneko K. Malreduction of syndesmosis injury associated with mal-
leolar ankle fracture can be avoided using Weber’s three indexes in the mortise view.
Injury 2017;48(4):954–959.

29. Loizou CL, Sudlow A, Collins R, Loveday D, Smith G. Radiological assessment of ankle
syndesmotic reduction. Foot 2017;32(2016):39–43.

30. Nault M, H�ebert-Davies J, Laflamme G-Y, Leduc S. CT scan assessment of the syndes-
mosis: a new reproducible method. J Orthop Trauma 2013;27(11):638–641.

31. Tang CW, Roidis N, Vaishnav S, Patel A, Thordarson DB. Position of the distal fibular
fragment in pronation and supination ankle fractures: a CT evaluation. Foot Ankle Int
2003;24(7):561–566.

32. Vasarhelyi A, Lubitz J, Gierer P, Gradl G, R€osler K, Hopfenm€uller W, Klaue K, Mittlme-
ier TWF. Detection of fibular torsional deformities after surgery for ankle fractures
with a novel CT method. Foot Ankle Int 2006;27(12):1115–1121.

33. Dikos GD, Heisler J, Choplin RH, Weber TG. Normal tibiofibular relationships at the
syndesmosis on axial CT imaging. J Orthop Trauma 2012;26(7):433–438.

34. Berkes MB, Little MTM, Lazaro LE, Pardee NC, Schottel PC, Helfet DL, Lorich DG. Artic-
ular congruity is associated with short-term clinical outcomes of operatively treated
SER IV ankle fractures. J Bone Joint Surg Am 2013;95(19):1769–1775.
35. Davidovitch RI, Weil Y, Karia R, Forman J, Looze C, Liebergall M, Egol K. Intraoperative
syndesmotic reduction. J Bone Jt Surg 2013;95:1838–1843.

36. Miller AN, Barei DP, Iaquinto JM, Ledoux WR, Beingessner DM. Iatrogenic syndesmo-
sis malreduction via clamp and screw placement. J Orthop Trauma 2013;27(10);1.

37. Gifford PB, Lutz M. The tibiofibular line. Foot Ankle Int 2014;35(11):1181–1186.
38. Kortekangas T, Savola O, Flinkkil€a T, Lepoj€arvi S, Nortunen S, Ohtonen P, Katisko J,

Pakarinen H. A prospective randomised study comparing TightRope and syndesmotic
screw fixation for accuracy and maintenance of syndesmotic reduction assessed with
bilateral computed tomography. Injury 2015;46(6):1119–1126.

39. Kocadal O, Yucel M, Pepe M, Aksahin E, Aktekin CN. Evaluation of reduction accuracy
of suture-button and screw fixation techniques for syndesmotic injuries. Foot Ankle
Int 2016;37(12):1317–1325.

40. Kotwal R, Rath N, Paringe V, Hemmadi S, Thomas R, Lyons K. Targeted computer-
ised tomography scanning of the ankle syndesmosis with low dose radiation
exposure. Skeletal Radiol 2016;45(3):333–338.

41. Prior CP, Widnall JC, Rehman AK, Weller DM, Wood EV. A simplified, validated
protocol for measuring fibular reduction on ankle CT. Foot Ankle Surg 2017;23
(1):53–56.

42. Knops SP, Kohn MA, Hansen EN, Matityahu A, Marmor M. Rotational malreduction of
the syndesmosis. Foot Ankle Int 2013;34(10):1403–1410.

43. Franke J, von Recum J, Suda AJ, Vetter S, Grutzner PA, Wendl K. Predictors of a persis-
tent dislocation after reduction of syndesmotic injuries detected with intraoperative
three-dimensional imaging. Foot Ankle Int 2014;35(12):1323–1328.

44. Schon JM, Williams BT, Venderley MB, Dornan GJ, Backus JD, Turnbull TL, LaPrade RF,
Clanton TO. A 3-D CT analysis of screw and suture-button fixation of the syndesmosis.
Foot Ankle Int 2017;38(2):208–214.

45. Putnam SM, Linn MS, Spraggs-Hughes A, McAndrew CM, Ricci WM, Gardner MJ. Sim-
ulating clamp placement across the trans-syndesmotic angle of the ankle to minimize
malreduction: a radiological study. Injury 2017;48(3):770–775.

46. Cherney SM, Cosgrove CT, Spraggs-Hughes AG, McAndrew CM, Ricci WM, Gardner
MJ. Functional outcomes of syndesmotic injuries based on objective reduction accu-
racy at a minimum 1-year follow-up. J Orthop Trauma 2018;32:43−51.

47. Ibrahim T, Beiri A, Azzabi M, Best AJ, Taylor GJ, Menon DK. Reliability and validity of
the subjective component of the American Orthopaedic Foot and Ankle Society clini-
cal rating scales. J Foot Ankle Surg 2007;46:65–74.

48. Kakwani R, Siddique M. Clinical rating systems for the ankle-hindfoot, midfoot, hal-
lux, and lesser toes. Classic Papers in Orthopaedics; 2014.

49. Ebraheim NA, Lu J, Yang H, Mekhail AO, Yeasting RA. Radiographic and CT evaluation of
tibiofibular syndesmotic diastasis: a cadaver study. Foot Ankle Int 1997;18:693–698.

50. Franke J, Recum J Von, Suda AJ, Gr PA, Wendl K. Intraoperative three-dimensional
imaging in the. J Bone Joint Surg Am 2012;94:1386−1390.

51. Beumer A, van Hemert WLW, Niesing R, Entius CAC, Ginai AZ, Mulder PGH, Swierstra
BA. Radiographic measurement of the distal tibiofibular syndesmosis has limited
use. Clin Orthop Relat Res 2004;(423):227–234.

52. Takao M, Ochi M, Naito K, Iwata A, Kawasaki K, Tobita M, MiyamotoW, Oae K. Arthro-
scopic diagnosis of tibiofibular syndesmosis disruption. Arthroscopy 2001;17
(8):836–843.

53. Garner MR, Fabricant PD, Schottel PC, Berkes MB, Shaffer AD, Ni A, Lorich DG. Stan-
dard perioperative imaging modalities are unreliable in assessing articular congruity
of ankle fractures. J Orthop Trauma 2015;29(4):e161–e165.

54. Richter M, Geerling J, Zech S, Goesling T, Krettek C. Intraoperative three-dimensional
imaging with a motorized mobile C-arm (SIREMOBIL ISO-C-3D) in foot and ankle
trauma care: a preliminary report. J Orthop Trauma 2005;19(4):259–266.

55. Elgafy H, Semaan HB, Blessinger B, Wassef A, Ebraheim NA. Computed tomography of
normal distal tibiofibular syndesmosis. Skeletal Radiol 2010;39(6):559–564.

56. Shah AS, Kadakia AR, Tan GJ, Karadsheh MS, Wolter TD, Sabb B. Radiographic evaluation
of the normal distal tibiofibular syndesmosis. Foot Ankle Int 2012;33(10):870–876.

57. Schepers T, Dingemans SA, de Jong VM, Luitse JSK. Overlooked syndesmotic injuries.
J Foot Ankle Surg 2016;55(4):894−896.

58. Heineck J, Serra A, Haupt C, Rammelt S. Accuracy of corrective osteotomies in fibular
malunion: a cadaver model. Foot Ankle Int 2009;30(8):773–777.

http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0013
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0013
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0013
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0014
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0014
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0014
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0015
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0015
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0015
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0016
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0016
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0016
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0016
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0016
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0017
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0017
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0018
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0018
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0018
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0019
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0019
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0020
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0020
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0021
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0021
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0021
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0022
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0022
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0022
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0023
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0023
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0024
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0024
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0025
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0025
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0025
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0026
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0026
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0026
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0026
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0026
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0027
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0027
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0027
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0027
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0028
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0028
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0028
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0028
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0029
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0029
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0030
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0030
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0030
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0031
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0031
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0031
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0032
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0032
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0032
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0032
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0032
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0033
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0033
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0034
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0034
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0034
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0035
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0035
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0036
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0036
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0036
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0036
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0037
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0038
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0038
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0038
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0038
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0038
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0038
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0039
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0039
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0039
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0040
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0040
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0040
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0041
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0041
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0041
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0042
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0042
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0043
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0043
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0043
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0044
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0044
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0044
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0045
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0045
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0045
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0046
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0046
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0046
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0048
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0048
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0049
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0049
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0049
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0050
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0050
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0050
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0051
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0051
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0051
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0052
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0052
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0052
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0053
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0053
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0054
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0054
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0055
http://refhub.elsevier.com/S1067-2516(18)30378-8/sbref0055

	Assessing Quality of Syndesmotic Reduction in Surgically Treated Acute Syndesmotic Injuries: A Systematic Review
	Materials and Methods
	Results
	Postoperative plain radiographs
	CT Scans
	Three-Dimensional Reconstructions of Radiographs
	Functional Outcome

	Discussion
	Supplementary Materials
	References



