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Abstract

Background. A comparative analysis of ankle stress X-ray
findings and the condition of injured ligaments in patients with
chronic lateral ankle instability was performed to determine
a method of identifying the condition of injured ligaments
prior to operation.

Methods. Altogether, 36 males and 80 females were included
in the study. The average age at the time of operation was 29.4
years. Anterior drawer distances and talar tilt angles were
measured manually. During the operations, the injured liga-
ments were classified into 25 categories.

Results and Conclusion. The condition of the injured liga-
ments in patients with a talar tilt angle of more than 15° had
injured ligaments that were almost avulsed and degenerated
or completely absent.

Introduction

Many surgical procedures have been proposed to treat
chronic lateral ankle instability. They can be divided
into three general categories: (1) procedures that recon-
struct the ligaments using a free or a split tendon graft
or an extensor retinaculum or a periosteum;'” (2) pro-
cedures that reconstruct ligaments using artificial liga-
ments;’ and (3) procedures that repair ligaments directly
from remnants without augmentation.”"> Recently,
many orthopedic surgeons have utilized the Brostrom
procedure, in which the ligament is repaired using a
remnant.” The Brostrém procedure and its modifica-
tions are useful for repairing chronic lateral ankle insta-
bility because they are relatively easy to perform and
atraumatic. If the lateral ligamentous structure is insuf-
ficient, in situ repair is impossible and augmentation is
necessary.” Therefore, it is useful if we can determine
the condition of an injured ligament preoperatively.
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The purpose of this study was to compare the findings
of stress X-rays and the condition of the injured liga-
ments at the time of operation to determine whether
the condition of the injured ligaments can be deter-
mined prior to operation.

Material and methods

Between 1990 and 2007, a total of 122 lateral ankle
reconstructions in 116 patients (36 males, 80 females)
were included in this study. The average age at the time
of operation was 29.4 years (range 13-66 years). In all,
52 operations were for right ankles, 58 for left ankles,
and 6 for bilateral ankles. The average interval between
injury and operation was 9 years 1 month (range 3
months to 38 years). Anterior drawer distances and
talar tilt angles were measured manually without anes-
thesia. The force that we applied was about 140 N. We
inspected it with maximum force, and it was about 140 N
when it was measured by spring balance.

Anterior drawer distances were measured by use
of lateral stress radiographs, defining the tibiotalar
distance with the knees in 90° flexion position and
with the ankles in neutral position. Talar tilt angles
were measured in the standard manner by defining the
angle between the talar dome and tibial plafond with
the knees in extension and with the ankles in neutral
position. We performed an operative adaptation with
the patients who had more than a 10° talar tilt angle
and/or an anterior drawer distance of >8 mm. All
patients had failed conservative treatment for more
than 6 months.

Five categories of ligament condition were estab-
lished prior to the first case in 1990. During the opera-
tion, photographs of injured ligaments were taken. The
injured ligament was classified into one of the five cat-
egories based on its condition using both the periopera-
tive findings and photographs, as follows (Fig. 1).
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Fig. 1. Classification of the
ligaments of chronic lateral
ankle instability based on
their condition. A Near-
normal ligament (N). B Liga-
ments degenerated to scar
tissue; their fibrous structure
has disappeared (SC). C
Avulsion ruptures at the end-
points (AV). D Ligaments
have degenerated to scar
tissue and are ruptured at the
endpoints (AVSC). E Liga-
ments have disappeared
(DP)

Fig. 2. Ligaments degenerated into scar tissue, and the fibrous
structure has disappeared (SC)

1

. N — near-normal ligament
2. SC — ligaments degenerated to scar tissue; fibrous
structure has disappeared (Fig. 2)
. AV — avulsion ruptures at the endpoints (Fig. 3)
4. AVSC — ligaments degenerated to scar tissue, rup-
tured at endpoints (Fig. 4)
5. DP — ligaments have disappeared (Fig. 5)

98]

The classification was undertaken by several doctors.
We tried to lift a remnant by a forceps and classified it
as AV when an insertion was unstable. We observed a
remnant and classified it as SC when the fiber structure
disappeared. We divided the anterior talofibular liga-
ment (ATFL) and the calcaneofibular ligament (CFL)
into 25 combinations as follows: (N, N), (N, SC), (N,
AV), (N, AVSC), (N, DP), (SC, N), (SC, SC), (SC,

Fig. 3. Avulsion rupture at the endpoints (AV). It has the
structure of a tendon

AV), (SC, AVSQC), (SC, DP), (AV, N), (AV, SC), (AV,
AV), (AV, AVSCO), (AV, DP), (AVSC, N), (AVSC,
SC), (AVSC, AV), (AVSC, AVSC), (AVSC, DP), (DP,
N), (DP, SC), (DP, AV), (DP, AVSC), (DP, DP). For
instance, (N, N) indicated that the condition of ATFL
was N and CFL was N.

Ligament reconstruction using a free tendon graft
was done in 70 of 122 ankles. The operation was per-
formed with the patient on his or her side under general
or spinal anesthesia with a thigh tourniquet. Holes were
drilled on the original insertions of the ATFL at the
fibula and talus and of the CFL at the fibula and calca-
neus. The split portion of the peroneus brevis tendon
was pulled through these holes. Reinforcement by a
periosteal flap and retinaculum was not performed. A
modified Chrisman-Snook procedure was done in 42 of
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Fig. 4. Ligament degenerated into scar tissue and ruptured at
the endpoints (AVSC)

Fig. 5. Ligaments have disappeared (DP)

122 ankles, and the Brostrom procedure was done in 5
of 122. Ligament reconstruction using artificial ligament
was done in 5 of 122 ankles. The results of the stress
X-rays and the injured ligaments classifications were
then evaluated.

This study was approved by the institutional review
board of Keio University, Tsukigase Rehabilitation
Center and met all guidelines for the ethical conduct
of studies as delineated in the Declaration of Helsinki.
All subjects were informed that data from this study
would be submitted for publication and gave their
consent.

The Pearson chi-squared test was used to test for
differences between scores in the two groups. Dif-
ferences were considered to be significant with
P < 0.05.
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Results

The number of ATFLs in the injured ligament classifica-
tion was as follows: N =2, SC=71, AV =5, AVSC =30
and DP = 14. The number of CFLs was N = 8, SC = 23,
AV = 63, AVSC = 21, and DP = 7. The number of
ATFLs and CFLs in combination according to the
injured ligament classification was as follows: (N, N) =
0,(N,SC) =0, (N, AV) =1, (N, AVSC) = 1, (N, DP) =
0, (SC, N) = 6, (SC, SC) = 18, (SC, AV) = 38, (SC,
AVSC) =7, (SC,DP) =2, (AV,N) =0, (AV, SC) =1,
(AV, AV) = 3, (AV, AVSC) =1, (AV, DP) = 0, (AVSC,
N) = 1, (AVSC, SC) = 3, (AVSC, AV) = 16, (AVSC,
AVSC) =9, (AVSC, DP) =1, (DP,N) = 1, (DP, SC) =
1, (DP,AV) =5, (DP, AVSC) = 3, (DP, DP) = 4.

The average anterior drawer distance was 6.7 mm
(range 2-14 mm), and the average talar tilt angle was
13.7° (range 6°-32°) prior to surgery. The average ante-
rior drawer distances of ATFLs and CFLs in combina-
tion according to the injured ligament classification are
shown in Table 1. The average anterior distance of the
injured ligaments for AVSC and/or DP classified as
(AVSC, AVSC), (AVSC, DP), (DP, AVSC), or (DP,
DP) was 7.8 £ 1.9 mm. This was significantly higher than
that of the others (6.6 £2.3 mm) (P =0.027). The average
talar tilt angle of the combined ATFLs and CFLs
according to the injured ligament classification also is
shown in Table 1. The average talar tilt angle of either
the AVSC or DP condition, including (AVSC, AVSC),
(AVSC, DP), (DP, AVSC), or (DP, DP) was 19.2° *
6.3°. It was significantly larger than that of the others
(12.8° £ 3.8°) (P = 0.0007).

The condition of the ATFL and/or the CFL in patients
with a talar tilt angle of =15° was almost always AVSC
and/or DP (28/36, 77.8%). In contrast, the condition of
the ligaments in patients with a talar tilt angle of <15°
was almost always N, SC, or AV (27/86, 68.6% ). When
we tried to review cases in which the anterior drawer
distance was =10 mm, there were six cases in which
the ATFL was AVSC and/or DP, whereas there were
only three cases in which the ATFL was N and/or SC
and/or AV.

Discussion

Recently, the importance of diagnosing and treating
patients with ruptured lateral collateral ankle ligaments
has increased as a result of the increasing number of
participants in sports activities, such as football, in
Japan."

Many surgical procedures for the treatment of chronic
lateral ankle instability have been published, but no
single procedure is able to manage all situations with
the ligaments. Direct repair is an excellent operation
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Table 1. Results of ankle stress radiographs prior to operation
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Condition of injured ATFL  Condition of injured CFL  Anterior drawer distance (mm)

Talar tilt angle (°)  No. of cases

N N

N SC

N AV

N AVSC
N DP
SC N

SC SC
SC AV
SC AVSC
SC DP
AV N

AV SC
AV AV
AV AVSC
AV DP
AVSC N
AVSC SC
AVSC AV
AVSC AVSC
AVSC DP
DP N

DP SC
DP AV
DP AVSC
DP DP

0

0
7 14 1
5 10 1

0
6.5 9.7 6
6.4 10.3 18
6.2 12.2 38
71 14.6 7
6.5 17 2

0
6 15 1
6 12 3
9 10 1

0
8 12 1
8.2 18.3 3
6.6 14.6 16
7.8 15 9
8 32 1
6 10 1
5 14 1
7.8 17.8 5
6.7 18.3 3
8.6 26 4

ATFL, anterior talofibular ligament; CFL, calcaneofibular ligament; N, near-normal ligament; SC, ligaments degenerated to scar tissue, fibrous
structure has disappeared; AV, avulsion ruptures at the endpoints; AVSC, ligaments degenerated to scar tissue, ruptured at endpoints; DP, liga-

ments have disappeared

because it is simple, and complications are rare.
However, a direct in situ repair requires the presence
of adequate ligamentous tissue.”” When the lateral liga-
mentous structure is insufficient, in situ repair is impos-
sible and augmentation is necessary."” Therefore, it is
useful if we can determine the condition of a ligament
before an operation when we are deciding on the opera-
tive method. Magnetic resonance imaging (MRI)" and
arthrography,' in addition to stress X-ray examinations,
are reported to be methods to determine the condition
of a ligament. MRI examination is expensive, and it
is difficult to quantify the degree of ligament injury.
Arthrography examination is invasive and also difficult
to quantify the injury. In comparison with these exami-
nations, we think that the stress X-ray examination is
superior in a certain respect in that it is noninvasive and
can quantify the damage.

In our series, 55 of 122 (45%) feet were classified as
AVSC or DP of either the ATFL or CFL. It is useful in
an operation if we can determine the condition of an
injured ligament preoperatively. The purpose of this
study was to determine a method for identifying the
condition of injured ligaments prior to surgery using
ankle stress X-ray examinations.

As for the ankle stress X-ray examination, there is
one report that says it is not useful as a diagnostic pro-
cedure for chronic ankle instability'®; however, there are

many reports that it is indeed useful.'”” The examina-
tion has the weak point that it does not reflect only liga-
ment injury but also reflect the bone configuration of
the ankle” and the influence of capsule laceration.”
Instrumentation methods of the anterior drawer test are
various, and there is unevenness of data by instrumenta-
tion methods.” These problems should be resolved in
the future.

Conclusion

The results of this study shows that a talar tilt angle of
>15° is nearly always associated with either ATFL and/
or CFL belonging to the AVSC and/or DP category
(28/36,77.8%).

References

1. Chrisman OD, Snook GA. Reconstruction of lateral ligament
tears of the ankle: an experimental study and clinical evaluation
of seven patients treated by a new modification of the Elmslie
procedure. J Bone Joint Surg Am 1969;51:904-12.

2. Colville MR, Grondel RJ. Anatomic reconstruction of the lateral
ankle ligaments using a split peroneus brevis tendon graft. Am J
Sports Med 1995;23:210-3.



T. Hashimoto et al.: Classification of ligament remnants

10.

11.

12.

13.

. De Vries JS, Struijs PA, Raaymakers EL, Marti RK. Long-term

results of the Weber operation for chronic ankle instability: 37
patients followed for 20-30 years. Acta Orthop 2005;76:891-8.

. Marsh JS, Daigneault JP, Polzhofer GK. Treatment of ankle

instability in children and adolescents with a modified Chrisman-
Snook repair: a clinical and patient-based outcome study. J
Pediatr Orthop 2006;26:94-9.

. Sugimoto K, Takakura Y, Akiyama K, Kamei S, Kitada C, Kumai

T. Long-term results of Watson-Jones tenodesis of the ankle:
clinical and radiographic findings after ten to eighteen years of
follow-up. J Bone Joint Surg Am 1998;80:1587-96.

. Jenkins DH, McKibbin B. The role of flexible carbon-fibre

implants as tendon and ligament substitutes in clinical practice: a
preliminary report J Bone Joint Surg Br 1980;62:497-9.

. Brostrom L. Sprained ankles. VI. Surgical treatment of “chronic”

ligament ruptures. Acta Chir Scand 1966;132:551-65.

. Bell SJ, Mologne TS, Sitler DF, Cox JS. Twenty-six-year results

after Brostrom procedure for chronic lateral ankle instability. Am
J Sports Med 2006;34:975-8.

. Gould N, Seligson D, Gassman J. Early and late repair of lateral

ligament of the ankle. Foot Ankle 1980;1:84-9.

Liu SH, Jacobson KE. A new operation for chronic lateral ankle
instability. J Bone Joint Surg Br 1995;77:55-9.

Hazratwala K, Best A, Kopplin M, Giza E, Sullivan M. A radio-
graphic investigation to determine the safety of suture anchor
systems for pediatric modified Brostrom ankle ligament recon-
struction. Am J Sports Med 2005;33:435-8.

Karlsson J, Bergsten T, Lansinger O, Peterson L. Reconstruction
of the lateral ligaments of the ankle for chronic lateral instability.
J Bone Joint Surg Am 1988;70:581-8.

Paterson R, Cohen B, Taylor D. Reconstruction of the lateral
ligaments of the ankle using semitendinosis graft. Foot Ankle Int
2000;21:413-9

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

703

Hashimoto T, Inokuchi S. A kinematic study of the ankle joint
instability due to rupture of the lateral ligaments. Foot Ankle Int
1997;18:729-34.

Coughlin MJ, Schenck RC Jr, Grebing BR, Treme G. Compre-
hensive reconstruction of the lateral ankle for chronic instability
using a free gracilis graft. Foot Ankle Int 2004;25:231-41.
Chandnani VP, Harper MT, Ficke JR, Gagliardi JA, Rolling L,
Christensen KP, et al. Chronic ankle instability: evaluation with
MR arthrography, MR imaging, and stress radiography. Radiol-
ogy 1994;192:189-94.

Sugimoto K, Takakura Y, Samoto N, Nakayama S, Tanaka Y.
Subtalar arthrography in recurrent instability of the ankle. Clin
Orthop 2002;394:169-76.

Snook GA, Chrisman OD, Wilson TC. Long-term results of the
Chrisman-Snook operation for reconstruction of the lateral liga-
ments of the ankle. J Bone Joint Surg Am 1985;67:1-7.

Karlsson J, Bergsten T, Lansinger O, Peterson L. Lateral instabil-
ity of the ankle treated by the Evans procedure. J Bone Joint Surg
Br 1988;70:476-80.

Liu W, Siegler S, Techner L. Quantitative measurement of ankle
passive flexibility using an arthrometer on sprained ankles. Clin
Biomech 2001;16:237-44.

Frigg A, Magerkurth O, Valderrabano V, Ledermann HP,
Hintermann B. The effect of osseous ankle configuration on
chronic ankle instability. Br J Sports Med 2007;41:420—-4.
Boardman DL, Liu SH. Contribution of the anterolateral joint
capsule to the mechanical stability of the ankle. Clin Orthop
1997;341:224-32.

Beynnon BD, Webb G, Huber BM, Pappas CN, Renstrom P,
Haugh LD. Radiographic measurement of anterior talar transla-
tion in the ankle: determination of the most reliable method. Clin
Biomech 2005;20:301-6.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


