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Abstract

Background: The Chertsey test has been recently defined as an intraoperative test for the detection of the syndesmotic
injuries by the application of intra-articular contrast. However, no study has investigated the reliability and comparative
analysis of the Chertsey test. The purpose of this study was to explore the diagnostic accuracy of the Chertsey test
in predicting syndesmosis instability of the injured ankle, with correlation to preoperative computed tomography (CT)
findings.

Methods: A total of 39 patients who were operated on due to the unilateral ankle fracture and had no complaint on the
contralateral ankle joint were included in the study. An intraoperative Chertsey test was performed on all ankle fractures
and bilateral ankle CT was obtained preoperatively. Ankles were classified as Chertsey +, Chertsey —, and contralateral
control group. The morphology categorization, width, and volume of the syndesmotic region were measured on axial
images of the CT. Mann-Whitney U test was used to compare the data. Intraobserver and interobserver agreements were
accessed by calculating the intraclass correlation coefficient (ICC) for radiologic parameters and the Chertsey test.
Results: The Chertsey test was positive in 13 (33.3%) of 39 ankle fractures. Patients with a positive Chertsey test showed
a significant increase in syndesmotic width and volume compared with Chertsey — and control group. However, there was
no significant difference between Chertsey — and the control group. All the ICC values were excellent for both radiologic
measurements and test.

Conclusion: The Chertsey test is a reliable and useful test that can be used intraoperatively in the diagnosis of syndesmotic
injuries.

Level of Evidence: Ill, comparative series.
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Ankle syndesmosis injuries can cause posttraumatic arthri-
tis, chronic instability, and ankle pain if not treated prop-
erly.?**® Preoperative and intraoperative methods are used
for the diagnosis of syndesmosis injury. Methods include
radiologic assessments, stress tests, and diagnostic ankle
arthroscopy. However, the reliability of these methods
remains controversial.”’ Although conventional radiographs
are traditionally the most commonly used preoperative
method, computed tomography (CT) is superior in evaluat-
ing syndesmotic diastasis.*'**' Three-dimensional volume
rendering of the spiral CT data found more accurate than
axial CT images in even 1 mm diastasis of the tibiofibular
syndesmosis.”* Authors assessed the syndesmotic injury
based on magnetic resonance imaging (MRI) and magnetic
resonance arthrography (MRA) and found these tests to be
quite sensitive in the diagnosis of diastasis and ligament
injury."'®*” However, high cost and availability limit the
use of these methods.”

For intraoperative assessment, stress tests are commonly
used to detect syndesmotic injury. Some surgeons prefer
ankle arthroscopy, but the technique is invasive and requires
surgical experience.”'**** Recently, Boyd et al' found a
new intraoperative assessment for the syndesmosis injury
called the Chertsey test. The test includes an ankle arthro-
gram by contrast dye injection, and if a syndesmotic injury
occurs, the radio-opaque contrast collects in the syndesmotic
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area. If there is no syndesmotic disruption, contrast dye col-
lects only in the ankle joint. They mentioned that this test is
safe, simple, and inexpensive. The test not only demon-
strates the syndesmosis injury but also confirms the accurate
reduction of the fibula. To our knowledge, there is no study
about the reliability of the Chertsey test and correlation with
the preoperative assessment methods. The purpose of this
current study was to compare the intraoperative Chertsey
test with the preoperative CT measurements in the diagnosis
of syndesmotic injuries and analyze the reliability of these
methods.

Methods

The study was conducted between July 2016 and February
2017 in patients who were operated on because of a unilat-
eral ankle fracture and who had no complaints on the contra-
lateral ankle joint. An intraoperative Chertsey test was
performed to assess for a syndesmotic diastasis, and preop-
erative bilateral ankle CT images were obtained. The fixa-
tion of the ankle fractures was done in agreement with
Arbeitsgemeinschaft fiir Osteosynthesefragen (AO) trauma
fracture fixation principles. Syndesmotic fixation was per-
formed using a transsyndesmotic 4.5-mm cancellous screw
or a suture button device. All syndesmotic fixation decisions
were made using the intraoperative Chertsey test. Patients
who had an open or severely dislocated ankle fracture and/or
previous surgery or fracture history of the contralateral ankle
joint were excluded. Ankles were categorized as Chertsey +
(syndesmosis unstable), Chertsey — (syndesmosis stable),
and control (contralateral healthy side) groups. The local
institutional review board approved the current study.

A total of 39 patients with 78 ankles were included in
this study. The mean age of the patients was 44.6 years
(range, 21-74 years). There were 22 (56.4%) men and 17
(43.6%) women. Of the 39 injured ankles, there were 19
(48.7%) lateral malleolus, 5 (12.8%) medial malleolus, 7
(17.9%) bimalleolar, and 8 (20.5%) trimalleolar fractures.

Imaging Technique and Evaluation

Radiologic evaluations were performed using preoperative
bilateral ankle CT. We obtained the CT images with an
Optima CT540 scanner machine (General Electric,
Milwaukee, WI) with a 1.0-mm slice thickness. The mor-
phology categorization, width, and volume analysis of the
syndesmosis were measured on axial images of CT.
Syndesmosis morphology was categorized as concave or
shallow according to the depth of the incisura fibularis. The
fibular incisura was described as shallow when the depth
was less than 4 mm and concave when it was 4 mm or
more.*” Anterior (aTFD), middle (mTFD), posterior
(pTFD), and maximal (maxTFD) tibiofibular distances were

obtained from axial CT images at 10 mm proximal to the
tibial plafond as described in previous studies.>*>** Axial
CT images were also used for the evaluation of the distal
syndesmotic space volume. To standardize the measure-
ments, surgeons determined the regions starting from the
tibial plafond to 2 cm proximal. Syndesmosis space margins
were outlined by a pencil tool following 20 axial CT images.
Then volume was computed automatically by a program in
ecm’® (Figure 1). All radiologic measurements were per-
formed using Horos (Version 2.1.1 for Mac; Annapolis, MD)
software on the injured and contralateral limbs.

Intraoperative Assessment

The intraoperative Chertsey test was applied to the injured
ankle before fracture fixation on the operating table. A
20-gauge needle was inserted into the lateral aspect of the
ankle joint and 2 to 4 mL radio-opaque contrast injected.'
Anteroposterior (AP) and lateral radiographs were obtained
by the image intensifier. If the contrast dye was seen track-
ing up to the syndesmotic space, the test was determined
positive and syndesmotic fixation was performed. To ensure
the anatomic reduction of syndesmotic diastasis, the sur-
geon repeated the test after fixation. If no contrast dye
extravasation was seen in the syndesmotic area, the fixation
was considered successful (Figure 2).

Statistical Analysis

The statistical analysis was performed using SPSS (ver-
sion 20.0 for Mac; SPSS, Inc, an IBM Company, Chicago,
IL) software. The distribution between the groups was
assessed by the Kolmogorov-Smirnov test. Radiologic
findings did not follow a normal distribution. Hence, the
nonparametric Mann-Whitney U test was used to com-
pare the data.

We analyzed the intraobserver and interobserver reliabil-
ity for both methods. First, second and third authors mea-
sured the TFDs and volume of the syndesmotic area in the
2-week interval with Horos software on a computer. The
Chertsey test images were printed from an image intensifier
and evaluated by the same authors with the same interval.
Both agreements were calculated by the intraclass correlation
coefficient (ICC) 2-way mixed method on absolute agree-
ment, and values were adopted by Fleiss criteria (0.75 to 1.00
indicates excellent reliability; 0.60 to 0.74, good reliability;
0.40 to 0.59, fair reliability; <0.40, poor reliability)."

Power analyses were performed by the G*power 3.1
(Erdfelder, Faul, & Buchner, Diisseldorf, Germany) statisti-
cal analysis program. The allocation ratio, a error probabil-
ity, effect size d value, and power of the study (1 — ) were
1,0.05, 0.7, and 0.9, respectively. The required total sample
size was 72; thus, 78 ankles were included in the study.
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Figure 1. Measurement of (a-b) anterior, (c-d) middle, (e-f) maximal and (g-i) posterior tibiofibular distances in the (A) normal and
the (B) fractured ankles. (C) To calculate the volume of the syndesmotic joint; the margin of the syndesmotic area was drawn on
axial CT images. (D) Then, the volume was computed automatically by the program.

Figure 2. (A) A gauge needle insertion into the lateral aspect of the ankle joint and radio-opaque injection . (B) Contrast extravasation to
the syndesmotic area demonstrates a positive Chertsey test. (C) Confirming accurate reduction by the contrast injection after fixation.
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Table |. Characteristics of Patients in Chertsey + and — Groups.®
Characteristic Chertsey + Group (n = 13) Chertsey — Group (n = 26) P Value®
Age, mean £ SD, y 40.3 £ 15.5 465+ 153 409
Sex 361
Male 6 (46.2) 16 (61.5)
Female 7 (53.8) 10 (38.5)
Morphology 631
Concave 7 (53.8) 14 (53.8)
Shallow 6 (46.2) 12 (46.2)
Diagnosis 551
Lateral malleol fracture 5 (38.5) 14 (53.8)
Medial malleol fracture 1(7.7) 4 (15.4)
Bimalleol fracture 3(23) 4 (15.4)
Trimalleol fracture 4 (30.8) 4 (15.4)
*Values are presented as number (%) unless otherwise indicated.
by? Test for categorical variables.
Table 2. Comparison of Distal Tibiofibular Distance Measurements and Syndesmotic Volumes in Patients in the Chertsey +,
Chertsey —, and Control Groups.
Characteristic Chertsey + Group (n = 13) Chertsey — Group (n = 26) Control Group (n = 39) P Value
aTFD, mm 42+42 24+1.2 25+ 1.0 <.05°
<05
715¢
mTFD, mm 5.1 +3.1 30+ 1.2 28+ 1.2 <.05%
<.05°
.720¢
pTFD, mm 50+ 1.7 37 1.0 3309 <.05°
<05
201°¢
maxTFD, mm 63+37 43+ 1.1 4112 <.05%
<05
531°
Volume, cm’ 22+09 1.6 £04 1.5£04 <.05°
<.05°
A467°

Abbreviations: aTFD, anterior tibiofibular distance; maxTFD, maximal tibiofibular distance; mTFD, middle tibiofibular distance; pTFD, posterior

tibiofibular distance.

®Independent t test between Chertsey + and — groups.
®Independent t test between Chertsey + and control groups.
‘Independent t test between Chertsey — and control groups.

Results

The incisura fibularis morphology was shallow in 18
(46.2%) and concave in 21 (53.8%) patients. The Chertsey
test was positive in 13 (33.3%) of 39 injured ankles (Table
1). The mean aTFD, mTFD, pTFD, and maxTFD were 4.2,
5.1, 5.0, and 6.3 mm in the Chertsey + group; 2.4, 3.0, 3.7,
and 4.3 mm in the Chertsey — group; and 2.5, 2.8, 3.3, and
4.1 mm in the control group. Distance measurement differ-
ences were statistically significant between the Chertsey +
and — groups, as well as the Chertsey + and control groups
(P < .05). However, there was no significant difference

between the Chertsey — and control groups. The mean syn-
desmotic region volume was 2.2 cm’ in the Chertsey +
group, 1.6 cm’ in the Chertsey — group, and 1.5 cm® in the
control group. Also, volume differences between the
Chertsey + and — groups, as well as the Chertsey + and
control groups, were statistically significant, but no signifi-
cant difference was found between the Chertsey — and con-
trol groups (Table 2).

Both the intraobserver and interobserver ICCs were
excellent in the Chertsey test, TFDs, and volume measure-
ments for all 3 observers (Table 3). However, intraobserver
ICC and the interobserver ICC were better in the Chertsey
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Table 3. Intraclass Correlation Coefficients in the Intraoperative Chertsey Test and Preoperative Radiological Measurements.

Characteristic Chertsey Test aTFD mTFD pTFD maxTFD Volume
Intraobserver | 0.972 0.876 0.921 0.879 0915 0.898
Intraobserver 2 0.950 0.914 0.884 0.890 0.901 0.863
Intraobserver 3 0.964 0.904 0.871 0.888 0.879 0.849
Overall intraobserver 0.962 0.898 0.892 0.885 0.898 0.870
Interobserver 0.947 0.823 0.812 0.802 0.831 0.810

Abbreviations: aTFD, anterior tibiofibular distance; maxTFD, maximal tibiofibular distance; mTFD, middle tibiofibular distance; pTFD, posterior

tibiofibular distance.

test than in the distal tibiofibular distance and volume
measurement.

Discussion

An intact syndesmosis is essential for a properly function-
ing ankle joint. The widening of the tibiofibular syndesmo-
sis may cause chronic ankle instability, pain, and arthritis in
the long term. Structures that contribute the most to the
diastasis are syndesmotic ligaments. The main ligaments
that stabilize the syndesmotic joint include the anterior infe-
rior tibiofibular ligament (AITFL), interosseous tibiofibular
ligament (ITFL), and posterior inferior tibiofibular liga-
ment (PITFL).? Ruptures of these ligaments can lead to syn-
desmotic diastasis. Even 1 mm of diastasis may decrease
the syndesmotic contact area by 42%'® and increase the
syndesmotic joint space volume by 43%.**

The diagnosis of syndesmosis injury is evaluated by
preoperative and intraoperative methods. Conventional
radiography, CT, MRI, and MRA are imaging methods
that help to diagnose in the preoperative period. Static
and/or stress AP, lateral, and mortise ankle radiographs are
used frequently.'”*' Tibiofibular clear space, tibiofibular
overlap, and medial clear space are parameters used to
assess the integrity of the syndesmosis in conventional
radiographs.**!" However, it is not reliable to detect the
syndesmosis injury with these parameters alone.®”'
Ebraheim et al’ mentioned that 4 mm of widening could be
reliably predicted by plain radiography and showed that
CT was much more sensitive in minor diastasis. Taser
et al** found that tibiofibular syndesmotic injuries could
detect even 1 mm of diastasis by volume rendering with
3-dimensional CT. Some authors support MRI to clarify
the syndesmotic complex injuries.>™"? However, it is
expensive and there could be availability problems, and
experience is necessary to visualize injured ligaments.'®
Muratli et al'’ found that MRA could make an important
contribution to the diagnosis. However, it should not be
forgotten that it is a more invasive method than MRI.
More commonly, intraoperative lateral (bone hook) and
external rotation stress tests are used to evaluate the syn-
desmotic stability.***" Syndesmotic injuries correlate with

increases in the measurements on stress fluoroscopy.
However, it is controversial whether the surgeon can
detect small amounts of instability."” It is possible to diag-
nose syndesmosis injury with ankle arthroscopy,'®** but it
is invasive and often not readily available.

Tibiofibular distance measurements on axial CT images
predict syndesmotic instability. Yeung et al* found signifi-
cantly larger tibiofibular distances in ankle fractures with
unstable syndesmoses than a stable group. They found that
the means of aTFD, mTFD, pTFD, and maxTFD in unsta-
ble syndesmosis patients were 4.9 + 3.7 mm, 5.3 + 2.4 mm,
5.3 £ 1.8 mm, and 7.2 + 2.96 mm, respectively. They were
42+42mm, 5.1 3.1 mm, 5.0+ 1.7 mm, and 6.3 &+ 3.7
mm in our Chertsey + (syndesmosis unstable) group,
respectively. While Yeung et al*’ compared these distances
between stable and unstable syndesmosis with ankle frac-
tures, we compared between Chertsey + (syndesmosis
unstable), Chertsey — (syndesmosis stable) groups with
ankle fractures, and contralateral normal ankles. In the
Chertsey + group, we found the increased tibiofibular dis-
tances at the significant level compared with the Chertsey
— and control groups and found no significant difference
between the Chertsey — and control groups (Table 1).

Studies that measured normal syndesmotic volume in
the literature reported mean values between 1.02 and 1.59
cm’."?** We found the mean volume of the control group
was 1.5 + 0.4 cm’. In a cadaver study, it was reported that a
0- to 1-mm syndesmotic joint diastasis increased the vol-
ume 43%, as well as 20% with each 1-mm diastasis from 1
to 3 mm.** In our study, the Chertsey + group had signifi-
cantly increased volume (2.2 £ 0.9 cm®) compared with the
Chertsey — and control groups (Table 2).

We also performed a reliability analysis for the intraop-
erative Chertsey test and preoperative radiological param-
eters and found excellent reliability in all techniques
(Table 3). However, intraobserver and interobserver ICCs
were higher in the Chertsey test than the preoperative CT
measurements.

There are some limitations of our study. Our sample size
is relatively small. However, the patient sample size is com-
parable to similar previous diagnostic studies.'*' The sec-
ond limitation of the study was the absence of postoperative
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CT images to demonstrate anatomic reduction after fixa-
tion. However, if the radio-opaque dye does not migrate
into the syndesmotic area, it shows that there is an anatomic
reduction in the syndesmotic joint.

Conclusion

Our study showed that the intraoperative Chertsey test was
similar to preoperative tomography findings in the diagno-
sis of syndesmotic injuries. We believe this test can take the
place of other methods when cost and radiation effects of
the tomography are considered.

Editor’s Note

The authors should be congratulated for a study evaluating a radio-
graphic dye method of assessing syndesmotic integrity. It would
have been interesting if they could have correlated the degree of
instability necessary to have a positive test since this is ultimately
what we are aiming to correct with surgical repair. Perhaps a
future study could evaluate this aspect of the test.
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