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Radiographic Evaluation of the Normal Distal Tibiofibular Syndesmosis in
Neutral to Dorsiflexion on Weight-Bearing

Seong Kee Shin', Ki Chun Kim', Se Yong Song', Ki Won Young’, Kyung Tai Lee’

'Department of Orthopedic Surgery, Seoul Medical Center, Seoul, 2Department of Orthopedic Surgery, Nowon Eulji Medical Center,
Eulji University, Seoul, K T. Lee Orthopaedic Hospital, Seoul, Korea

Purpose: Reliable landmarks of ankle syndesmosis change in various positions is important for managing ankle
injury. The purpose of our study was to investigate and compare radiographic landmarks of normal ankle in various
positions.

Methods: The study involved both ankle radiographs of 30 subjects (15 males, 15 females) without clinical or
radiographic abnormality. Tibiofibular clear space (TFCS) and tibiofibular overlap (TFO) were measured on
anteroposterior (AP) and mortise radiographs in non-standing (NS) and standing (S) neutral and dorsiflexion 10°
(DF10) and 20° (DF20). The radiographic measurements were used to calculate means, standard deviations, and
intra- and interobserver reliabilities, and compare TFCS and TFO in various positions and genders.

Results: On the AP view, the mean TFCS in NS, S, DF10, and DF20 positions were 4.00£0.97, 4.00£0.83, 4.350.95,
and 4.45+0.89 mm and the mean TFO on the same positions were 6.58+2.27, 4.27+1.90, 3.44+1.96, and 2.38+1.91
mm. On the mortise view, the mean TFCS in NS, DF10, and DF20 positions were 3.62+0.88, 4.08+0.86, and
3.8840.97 mm and the mean TFO on the same positions were 3.57+2.13, 2.31+1.77, and 3.57+2.14 mm. The
reliabilities in all positions except TFCS on some positions were excellent. No measurement was significantly different
between females and males except TFO in NS on mortise view (p=0.006) and DF10 on AP view (p=0.032).
Conclusion: Increase of TFCS and decrease of TFO on AP view reflects syndesmosis change from NS to DF20
on standing. Clinically, the effect of weight-bearing and reliability of TFO should be considered.
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Fig. 1. Measurements made on the anteroposterior view of
the ankle at 1 cm above the plafond. (A) Measuring tibio-
fibular clear space and tibiofibular overlap on the ante-
roposterior view of standard radiograph in standing posi-
tion, (B) its schematic drawing, and (C) cross-sectional
schematic drawing matched with landmarks on panel B. L:
lateral border of fibula, A: anterior tibial tubercle, M: medial
border of fibula, P: posterior tibial tubercle, I: floor of in—
cisura fibularis. All landmarks on panel C were added with
superscript apostrophe to match landmarks on panel B.
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Fig. 2. Footholds for 10° and 20° ankle dorsiflexion. Left
foothold is for 10° and right one for 20° in each image. (A)
View from above. Blue footprints mean neutral position and
green mean 15° internal rotation. (B) Sideview.
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Radiographic Evaluation of the Syndesmosis in Neutral to Dorsiflexion
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Table 1.

B3} 105 W2, A% 25 205 §F XA TRCSE 22}
4.0£0.97, 4.00+0.83, 4.35+0.95, 4.45+0.89 mm$ 01, TFO=
77} 6.58+42.27, 4.27+1.90, 3.44+1.96, 2.38+1.91 mmch. AAAL
AL HAE B3 389, AF Bat 105 BE, AF B
20 Hi= YA o)A TFCSE 7+ 3.62+0.88, 4.08+0.86, 3.88+
0.97 mm% 0o, TFO= Z+zZ+ 3.5742.13, 2.31+1.77, 3.57+2.14
mm&le}. 7 24 0|4 A, Ao Yt TECS, TFOY
B, Ar)-H43te) WS, HREA, 0% 7719 279
TCSS} 3 6 mm o<} SRR, TFOS) 3% 1 mm O[3
WE9A Toble 13} 2}, H|A% 23} 4744 TFO U A%
w3 47 A 12 10 TFOOIA] WA} ofpet fola
37 LR om (p=0.006, p=0.032), 1 99 £ YA oA

Measures of the tibiofiular clear space and tibiofiular overlap

Tibiofibular clear space

Tibiofibular overlap (mm)

Variable

Me(?QHJ_Z)SD Range (mm) 95% CI 2?%Tm Me(erl:rﬁ)SD Range® (mm) 95% Cl él%r;wm
Anteroposterior
Non-standing position
Male 4.02+0.99 1.86—5.83 0.30 0 7.47+2.35 3.71—-12.783 0.69 0
Female 3.99+0.96 2.41-6.10 0.30 3.33 5.70+£1.85 1.86—9.55 0.54 0
Total 4.00£0.97 1.86—6.10 0.21 1.67 6.58+2.27 1.86—12.73 0.49 0
Standing position
Male 4.05+0.89 2.09-5.57 0.27 0 4.67+2.16 1.11-8.55 0.66 0
Female 3.95+0.78 2.51-5.52 0.24 0 3.87+1.54 1.12—6.13 0.45 0
Total 4.00£0.83 2.09-5.57 0.17 0 4.27+£1.90 1.11-8.55 0.40 0
DF10
Male 4.394+1.01 2.50—6.27 0.30 3.33 3.98+2.03 0-7.94 0.60 10
Female 4.3040.91 2.23-5.70 0.27 0 2.90+1.76 —0.70—6.96 0.54 6.67
Total 4.35+0.95 2.23—6.27 0.21 1.67 3.44+1.96 —0.70-7.94 0.42 8.33
DF20
Male 4.4940.73 3.06—-5.99 0.21 0 2.66+1.77 —-0.97-6.97 0.54 6.67
Female 4.41+1.04 1.95-6.12 0.30 3.33 2.10£2.04 —2.50—6.68 0.60 26.67
Total 4.45+0.89 1.95-6.12 0.19 1.67 2.38+1.91 —2.50—6.97 0.40 16.67
Mortise
NS
Male 3.74+0.95 1.86—5.30 0.27 0 4.31+2.44 1.07—-9.93 0.72 0
Female 3.50+0.81 1.73—4.73 0.24 0 2.83+1.46 0.53—-6.1 0.45 6.67
Total 3.62+0.88 1.73-5.30 0.19 0 3.57+2.13 2.09-5.57 0.17 3.33
DF10
Male 3.96+0.80 2.23—6.41 0.24 3.33 2.62+1.92 —2.09-6.97 0.57 16.67
Female 4.204+0.91 2.50—5.57 0.27 0 2.00£1.59 —0.55—-6.41 0.48 23.33
Total 4.08+0.86 2.23—6.41 0.19 1.67 2.31£1.77 —2.09-6.97 0.38 20
DF20
Male 3.73+£0.96 1.11-5.71 0.30 0 3.49+2.20 —1.11-7.96 0.66 6.67
Female 4.02+0.97 1.67—5.29 0.30 0 3.65+2.12 0-7.69 0.63 13.33
Total 3.88+0.97 1.11-5.71 0.21 0 3.57+2.14 —1.11-7.96 0.45 10

SD: standard deviation, 95% Cl: 95% confidence interval, DF10: 10° ankle dorsiflexion in standing position, DF20: 20°

ankle dorsiflexion in standing position.
a)Negative value means widening without overlap.
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Table 2. Intraobserver and interobserver agreement

Anteroposterior Mortise
Variable _ ; ; _ :
Non s’gqndmg Stan'd'mg DF10 DE20 Non st'qndmg DF10 DFE20
position position position
Observer 1
TFCS
ICC 0.717% 0.902 0.837 0.901 0.830 0.911 0.801
95% Cl 0.528—0.830 0.836—0.942 0.727—0.903 0.835—-0.941 0.716—0.898 0.852—0.947 0.666—0.881
TFO
ICC 0.992 0.985 0.963 0.942 0.975 0.83 0.807
95% Cl 0.986—0.995 0.975—-0.991 0.938—0.978 0.903—0.965 0.958—0.985 0.716—0.898 0.671—0.886
Observer 2
TFCS
ICC 0.990 0.980 0.998 0.997 0.967 0.998 0.999
95% Cl 0.975—-0.99 0.966—0.988 0.996—0.999 0.995-0.998 0.944-0.980 0.996—0.999 0.998-0.999
TFO
ICC 0.997 0.996 0.999 0.999 0.993 0.999 0.999
95% Cl 0.995—-0.999 0.993—0.998 0.999—1.000 0.999—1.000 0.988—0.996 0.999—1.000 0.999-1.000
Interobserver
TFCS
IcC 0.876 0.829 0.800 0.724? 0.839 0.469 0.678?
95% Cl 0.793—0.926 0.713—0.898 0.665—0.880 0.538—0.835 0.730—0.904 0.112—0.683 0.460—0.807
TFO
ICC 0.986 0.901 0.873 0.922 0.940 0.896 0.827
95% Cl 0.976—0.992 0.834—0.941 0.788—0.924 0.870—0.953 0.899-0.964 0.827—0.938 0.711-0.897

DF10: 10° ankle dorsiflexion in standing position, DF20: 20° ankle dorsiflexion in standing position, TFCS: tibiofibular clear
space, TFO: tibiofibular overlap, ICC: intraclass correlation coefficient, 95% CIl: 95% confidence interval.
JFair or good results.
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Table 3. Results of the two—way analysis of variance in various position

Mean difference

Variable Group 1 Group 2 (group 1-group 2) Standard error p-value 95% Cl
Tibiofibular clear space
AP NS S 0.0033 0.10606 0.999 —0.2717 to 0.2784
DF10 —0.3465 0.10606 0.007* —0.6216 to —0.0714
DF20 —0.4480 0.10606 <0.001+* —0.7231 to —0.1729
S DF10 —0.3498 0.10606 0.006* —0.6249 to —0.0748
DF20 —0.4513 0.10606 <0.001* —0.7264 to —0.1763
DF10 DF20 —0.1015 0.10606 0.774 —0.3766 to 0.1736
Mortise NS DF10 —0.4562 0.12772 0.001* —0.7593 to —0.1530
DF20 —0.2543 0.12772 0.119 —0.5575 to 0.0488
DF10 DF20 0.2018 0.12772 0.258 —0.1013 to 0.5050
Tibiofibular overlap
AP NS S 2.3123 0.21320 <0.001* 1.7594 to 2.8653
DF10 3.1437 0.21320 <0.001=* 2.5907 to 3.6966
DF20 4.2048 0.21320 <0.001* 3.6519 to 4.7578
S DF10 0.8313 0.21320 0.001% 0.2784 to 1.3843
DF20 1.8925 0.21320 <0.001+* 1.3395 to 2.4455
DF10 DF20 1.0612 0.21320 <0.001* 0.5082 to 1.6141
Mortise NS DF10 1.2623 0.31847 <0.001* 0.5064 to 2.0183
DF20 0.0048 0.31847 0.999 —0.7511 to 0.7608
DF10 DF20 —1.2575 0.31847 <0.001* —2.0134 to —0.5016

95% Cl: 95% confidence interval, AP: anteroposterior, NS: non-standing position, S: standing position, DF10: 10° ankle
dorsiflexion in standing position, DF20: 20° ankle dorsiflexion in standing position.

*p<0.05, statistically significant.
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Fig. 3. Regression analysis of various ankle position: neutral in non—standing (NS) and standing (S) and dorsiflexion 10°

(DF10) and 20° (DF20) in standing position of standard radiograph.

(A) Tibiofibular clear space (TFCS) on the ante—

roposterior (AP) view. Coefficient of determination (linear)=0.042. (B) Tibiofibular overlap (TFO) on the AP view. Coefficient

of determination (quadratic)=0.368. (C) TFCS on the mortise view. Coefficient of determination (quadratic)=0.041.
on the mortise view. Coefficient of determination (quadratic)=0.081.
Coefficient of determination (quadratic)=0.045.
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