Knee Surg, Sports Traumatol, Arthrosc
(2000) 8 : 173–179

ANKLE

© Springer-Verlag 2000

Rover Krips
C. Niek van Dijk
Tamas Halasi
Hannu Lehtonen
Bernard Moyen
Albino Lanzetta
Tamas Farkas
Jon Karlsson

Received: 2 March 1999
Accepted: 25 February 2000
R. Krips · C. N. van Dijk (쾷)
Department of Orthopedic Surgery,
Academic Medical Center,
P.O. Box 22700,
1100 DE Amsterdam, The Netherlands
e-mail: rkrips@freemail.nl
Tel.: +31-20-5662672
Fax: +31-20-5669117
T. Halasi
National Institute for Sports Medicine,
Budapest, Hungary
H. Lehtonen
Tampere University Hospital,
Tampere, Finland
B. Moyen
Centre Hospitalier Lyon-Sud,
Lyon, France
A. Lanzetta
Sports Traumatology Center,
University of Milan,
G. Pini Institute,
Milan, Italy
T. Farkas
National Institute of Traumatology,
Budapest, Hungary
J. Karlsson
Sahlgrenska University Hospital,
Gothenburg, Sweden

Anatomical reconstruction
versus tenodesis for the treatment
of chronic anterolateral instability
of the ankle joint:
a 2- to 10-year follow-up, multicenter study

Abstract The clinical outcome of
anatomical reconstruction or tenodesis in the treatment of chronic anterolateral ankle instability was assessed in a retrospective multicenter
study. The anatomical reconstruction
group (group A) consisted of 106 patients (mean age at operation 24 ±
8.4 years) and the tenodesis group
(group B) of 110 patients (mean age
at operation 26 ± 11.4 years). Patients were evaluated at a mean follow-up of 5.5 ± 2.8 years in group A
and 5.2 ± 2.9 years in group B. The
review protocol included patient
characteristics, physical examination,
two ankle scoring scales to evaluate
the functional results, and standard
anteroposterior and lateral radiographs to evaluate degenerative
changes. Mechanical stability was
evaluated using standardized stress
radiographs. A larger number of reoperations was performed in group B
(P = 0.008). At physical examination, more patients in group B had a
smaller range of ankle motion than
those in group A (P = 0.009).
A larger proportion of patients in

Introduction
Chronic anterolateral instability of the ankle joint is defined as instability lasting longer than 6 months. Ligament
laxity can be demonstrated by physical examination and
stress radiographs. In patients with symptoms of givingway but no signs of mechanical laxity on stress radiographic examination, several other causes may be present.

group B had medially located osteophytes, as seen on standard radiographs (P = 0.04). On stress radiographic examination, the mean talar
tilt (P = 0.001) and mean anterior talar translation (P < 0.001) were seen
to be significantly greater in group B
than in group A. There were no differences in mean Karlsson score between the groups, but more patients
in group A had an excellent result on
the Good score (P = 0.011). Unlike
anatomical reconstructions, tenodeses do not restore the normal anatomy of the lateral ankle ligaments.
This results in restricted range of ankle motion, reduced long-term stability, an increased risk of medially located degenerative changes, a larger
number of reoperations, and less satisfactory overall results.
Keywords Anatomical
reconstruction · Ankle · Instability ·
Ligament · Tenodesis

These factors include: proprioceptive deficit, peroneal
muscle weakness, tibiofibular sprain, and mechanical instability of the subtalar joint [25, 27, 45]. In some cases
chronic ankle instability is associated with generalized
joint hyperlaxity or the neglect of an acute injury to the
lateral ankle ligaments [31]. In spite of adequate treatment
for an acute lateral ankle ligament rupture, 10–20% of patients develop chronic symptoms of giving-way [9, 11, 16,
25, 27]. The instability can be disabling, especially in pa-
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tients with high demands on ankle joint function [18, 31].
Surgical reconstruction is indicated when a rehabilitation
program does not produce a satisfactory functional outcome, and when mechanical instability is present [29].
A variety of surgical methods have been described for
the treatment of chronic anterolateral instability of the ankle joint. These can be divided into two main groups:
nonanatomical reconstructions using tenodesis and anatomical reconstructions using direct repair or imbrication
of the lateral ankle ligaments. In nonanatomical reconstruction the anterior talofibular ligament and the calcaneofibular ligament are reconstructed by means of an autologous graft, usually involving one of the peroneal tendons
[1, 10, 11, 16–18, 37, 41, 48, 50]. In anatomical reconstruction the ends of the ruptured or elongated remnants
of the lateral ankle ligaments are utilized [6, 9, 25, 27, 34,
38].
There are few comparative studies in literature. Hennrikus et al. [22] and Wallenböck et al. [49] reported superior functional results for anatomical reconstructions. Experimental studies report that tenodeses have a negative
effect on the kinematic coupling of the ankle joint and
thus do not prevent instability. In addition, they restrict
range of ankle motion [3, 7, 33].
The aim of this retrospective multicenter study was to
compare the results of anatomical reconstruction with
those of tenodesis in a large series of patients with a 2- to
10-year follow-up. Furthermore, the results were analyzed
to determine whether inferior mechanical stability leads to
degenerative changes and a deterioration in functional results in the medium or long term.

Patients and methods
Five European centers participated in the study. Between 1987 and
1995 a total of 324 reconstructions were performed for chronic anterolateral instability of the ankle at these five centers. All patients
had experienced complaints for at least 6 months and had undergone rehabilitation with range of motion and proprioceptive training before the operation. Preoperatively, mechanical stability was
assessed by stress X-rays in both the frontal plane, talar tilt, and
sagittal plane, anterior talar translation, according to the criteria of
Lindstrand et al. [32]. The indication to perform an anatomical reconstruction or a tenodesis depended upon the surgeon and was independent of the type of instability and other patient characteristics.
Of the 324 patients 152 underwent anatomical reconstruction
and 172 tenodesis. The following inclusion criteria were employed: (a) age at operation between 14 and 60 years, (b) an uninjured contralateral ankle, (c) no history of previous fractures of the
affected ankle, (d) no prior surgery other than an anatomical reconstruction or tenodesis of the affected ankle, (e) no prior surgery
of the contralateral ankle, (f) no history of bilateral hyperlaxitiy,
(g) no history of subtalar instability, and (9) no generalized neuromuscular disorder.
At follow-up 2–10 years after the operation the following data
were recorded: age, gender, profession, affected side, and preinjury Tegner activity level [43]. The review protocol consisted of a
registration of postoperative complications, the number of reoperations and an assessment of the Tegner activity level. Functional

outcome was graded using two ankle scores: the Karlsson score
and scoring scale of Good et al. [29, 41]. Absence of symptoms
was considered as an excellent result.
At physical examination the range of ankle motion was determined by measuring dorsiflexion and plantar flexion to the nearest
5° using a goniometer. A reduction of more than 5° in comparison
with the contralateral ankle was considered as a restricted range of
ankle motion. Also the presence of swelling and pain on palpation
were determined.
Stability was tested by the anterior drawer test with the ankle in
15° of plantar flexion. This test was regarded as positive when
there was considered to be a difference of more than 5 mm compared with the contralateral ankle. At follow-up all the centers performed standardized radiographic examinations consisting of anteroposterior and lateral radiographs of both ankles, and stress radiographs, including measurements of both talar tilt and anterior
talar translation with the ankle in 15° of plantar flexion. Measurements were assessed according to the criteria established by Lindstrand et al. [32]. Talar tilt was regarded as positive when the tibiotalar angle was more than 10°, or when the difference between
both ankles was more than 6°. Anterior talar translation was regarded as positive when the anterior displacement of the talus relative to the distal tibia was more than 4 mm, or the difference between
both ankles was more than 3 mm. The standard load was 150 N
using a Telos apparatus [27, 29, 32]. The development of degenerative changes was graded according to the scale suggested by
Van Dijk et al. [47]. All the standard and stress radiographs were
graded by one independent observer (R.K.).
Differences in baseline characteristics and final results between
the centers and groups were analyzed (Table 1). Of the original
324 patients 30% were lost to follow-up: 47 were untraceable,
32 did not want to participate, 11 had moved away, 3 had died, and
4 were in prison. There was no significant difference between centers with regard to the number of patients lost to follow-up. After
further analysis 3% of the patients had to be excluded: 4 did not
meet the inclusion criteria and the radiographs for 7 were not available. As a result, 216 patients were included.
In terms of the anatomical reconstructions the following significant differences were identified between the centers: the left/right
ratio (%) at one center was 66/34, while the overall ratio was 43/67
(P = 0.034). At two other centers the male/female ratio was 76/24
and 69/31, respectively, while the overall ratio was 53/47 (P =
0.028, P = 0.041). At one center there were seven cases of disturbed skin sensitivity at follow-up, corresponding to perioperative
superficial peroneal nerve injury, while the overall number of direct postoperative complications was three (P = 0.031). With regard to the tenodeses, only one significant difference between the
centers was identified: at one center the male/female ratio was
85/15, while the overall ratio was 56/44 (P = 0.021).
A total of 106 patients were included in the anatomical reconstruction group (group A) and 110 in the tenodesis group (group
B). The baseline characteristics of the two groups are shown in
Table 1. There were no significant differences in baseline characteristics between the two groups. The patients in group B were

Table 1 Anatomical reconstruction (group A) vs. tenodesis
(group B): baseline characteristics

Age (years)
Male/female ratio (%)
Left/right ratio (%)
Tegner preinjury (median)
Follow-up (years)

Group A
(n = 106)

Group B
(n = 110)

24.3 ± 8.4
53/47
43/57
6 (1–10)
5.5 ± 2.8

26.2 ± 11.4
56/44
37/63
5 (0–9)
5.2 ± 2.9
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2 years older on average (mean age at operation 26 ± 11.4 years)
than the patients in group A (mean age at operation 24 ± 8.4
years). There was a difference of 1 point on average in the median
preinjury Tegner activity level, 6 (range 1–10) in group A compared with 5 (range 0–9) in group B (P = 0.554). The two groups
were similar in terms of male/female ratio, left/right ratio, and the
duration of follow-up. The mean follow-up period was 5.5 ± 2.8
years in group A and 5.2 ± 2.9 in group B (P = 0.31).
In group A 63 patients at two centers underwent imbrication
with a regional periosteal flap and 43 at one center underwent a
Broström procedure [9, 38]. Postoperatively, all patients had plaster cast for 6 weeks and range of motion and proprioceptive training. There were no significant differences in results between the
procedures. In group B 35 patients were treated with an Evans procedure at one center, 43 with a modified Castaing procedure using
a peroneus brevis hemitendon at two centers, 22 with a Viernstein
procedure at one center, and 10 with a Watson-Jones procedure at
one center [11, 14, 16, 18, 48, 50]. All procedures were performed
with the foot in slight eversion. Postoperatively all patients received plaster cast for 6 weeks and thereafter range of motion and
proprioceptive training. No significant differences in final results
between the tenodesis procedures were observed.
Differences in baseline characteristics and final results were
calculated using the multianalysis of variance for comparison of
mean values and the χ2 test for proportions between the centers.
Differences in baseline characteristics and final results between the
two groups were calculated using the analysis of variance for a
comparison of mean values and the χ2 test for proportions. A
P value of less than 0.05 was considered as statistically significant.

Results
The results at the final follow-up are presented in Table 2.
In group A 8% of patients had postoperative complications; each of these cases involved disturbed skin sensitivity due to perioperative damage to the superficial peroneal
nerve. In group B 15% of patients had postoperative comTable 2 Anatomical reconstruction (group A) vs. tenodesis (group B): final results

a χ2

plications: skin necrosis in seven patients, neuroma in
seven, wound infection in two, and hypoanesthesia due to
perioperative damage to the superficial peroneal nerve in
one patient.
The number of reoperations was higher in group B:
17% versus in 5% group A (P = 0.008). In group B overly
tight tenodesis led to reoperation in three patients who underwent an Evans tenodesis, one who underwent a modified Castaing procedure, two who underwent a Viernstein
procedure, and two who underwent a Watson-Jones procedure. In these cases the tendon was released from its
original sutures and reattached to the distal fibula. Furthermore the following patients in group B were reoperated on to remove bony spurs near the drillhole of the tenodesis: two who underwent an Evans procedure, three
who underwent a Viernstein procedure, and four who underwent a modified Castaing procedure who complained
of persisting pain located anteriorly near the lateral malleolus. In group A five patients were reoperated to release
an overly tight reconstruction.
At physical examination, there was a significant difference in the number of patients with a restricted range of
ankle motion between the two groups (P = 0.009). In
group A 10% had a restricted range of ankle motion; 5 patients had a restricted dorsiflexion, 3 a restricted plantar
flexion, and 3 both. In group B 33% had a restricted range
of ankle motion; 19 had a restricted dorsiflexion, 4 a restricted plantar flexion, and 13 both. The number of patients with a positive anterior drawer test was similar in
the two groups; 31% in group A and 33% in group B. In
terms of the scale of Good et al. [41], there were significantly more patients who had an excellent result (i.e., free
from symptoms) in group A; 58% compared with 36% in

Group A (n = 106)

Group B (n = 110)

P

Postop. complications (%)
Reoperations (%)
Tegner, preinjury (median)
Follow-up
Difference
Restricted ROM (%)
Pain on palpation (%)
Anterior drawer sign (%)

8
5
6 (range; 1–10)
6 (range; 1–10)
1 (range; -5–4)
10
25
33

15
17
5 (range; 0–9)
5 (range; 0–9)
1 (range; -4–3)
33
25
36

n.s.
0.008a
n.s.
n.s.
n.s.
0.009a
n.s.
n.s.

Arthrosis (van Dijk; %)
Grade 0
Grade I
Grade II
Grade III
Karlsson score (points)

71
21
8
0
92 ± 10.3

68
22
8
2
91 ± 10.8

n.s.
n.s.
n.s.
n.s.
n.s.

Good score (grade; %)
Excellent
Good
Fair
Poor

58
25
12
5

36
45
15
4

0.012a
0.016a
n.s.
n.s.
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Table 3 Anatomical reconstruction (group A) vs. tenodesis
(group B): results of stress radiographic examination

Positive stress X-rays (%)a
Talar tilt
Affected ankle (°)
Unaffected ankle
Difference
Anterior talar translation
Affected ankle (mm)
Unaffeffected ankle
Difference
a According
b χ2

c Analysis

Group A
(n = 106)

Group B
(n = 110)

P

22

41

0.009b

4.5 ± 2.7
4.0 ± 3.1
0.61 ± 2.6

6.7 ± 2.1
5.0 ± 4.6
1.8 ± 2.1

0.001c
n.s.
0.015c

2.9 ± 2.2
3.0 ± 1.2
–0.14 ± 2.1

4.7 ± 1.9
3.7 ± 2.3
1.0 ± 1.6

< 0.001c
n.s.
0.031c

to Lindstrand et al. [32]

of variance

group B (P = 0.012). There were no significant differences between the groups in terms of the Tegner and
Karlsson scores.
The number of patients with degenerative changes as
seen on standard AP and lateral radiographs were similar
in the two groups. Two patients in group B had developed
severe osteoarthrosis (grade III). In group B 17% of patients demonstrated medially located osteophytes, compared with 7% in group A (P = 0.04). In the stress radiographic examination, the mean talar tilt (P = 0.001) and
the anterior talar translation (P < 0.011) were significantly
higher in group B. According to the criteria of Lindstrand
et al. [32] 22% in group A had positive stress radiographs
and 41% in group B (P = 0.009; Table 3).

Discussion
More than 60 surgical procedures for the correction of
chronic anterolateral instability of the ankle joint have
been described [4, 6]. Most of these procedures involve
nonanatomical reconstruction. In most procedures the peroneus brevis tendon or a part of it is used to establish a
tenodesis between the distal fibula and the calcaneus, the
talus, or the base of the fifth metatarsal. Other authors
have recommended tendon transfer in which replacement
of the lateral ankle ligaments is performed in a more
anatomical fashion, for example, by using a split peroneus
brevis tendon. This reduces the risk of losing eversion
strength [14]. There are several classic tenodeses such as
the Elmslie, Evans, Chrisman-Snook, and Watson-Jones
procedures [11, 15, 16, 31, 37, 41, 42, 48, 50]. These procedures usually include the reconstruction of the anterior
talofibular and calcaneofibular ligaments to correct instability in the talocrural and subtalar joints [11]. The clinical outcomes of tenodeses reported in the literature vary.
Many studies report good short-term results [11, 16, 18,

31]. There have been few reports of long-term results, but
Snook et al. [42] reported satisfactory long-term results
after using the Chrisman-Snook procedure. On the other
hand, some long-term studies have shown that tenodeses
do not prevent mechanical instability and may lead to subsequent degenerative changes, result in a restricted range of
ankle motion, and decrease eversion strength [5–8, 24, 26].
The recent literature shows that anatomical reconstruction has acquired increasing popularity [19, 20, 27, 28, 34,
35]. These procedures make use of the ruptured or elongated remnants of the ligaments to restore normal ligament stability [9]. A problem arises in anatomical reconstruction when the local ligament tissue is severely damaged. In these cases augmentation with an autograft may
be necessary [28]. To reinforce the ligaments, autografts
with mechanical properties similar to those of the normal
ligaments are most frequently used. These include periosteal flaps or the inferior extensor retinaculum [40].
Some authors advocate the use of the fascia lata or free
sections of the Achilles or plantaris tendon to reconstruct
the anterior talofibular ligament [2]. Nachtkamp et al. [36]
investigated the histological changes in periosteal flaps in
patients with chronic anterolateral ankle instability. They
noted structural alignment of the collagenous fibers in the
periosteal flap into a ligamentlike structure 8–12 weeks
after the operation. Anatomical reconstructions have been
reported to produce satisfactory long-term results in a
large proportion of patients [19, 25, 27, 40].
Both anatomical reconstruction and tenodesis have been
the subject of experimental studies. Most of these studies
report that a tendon transfer procedure limits the range of
ankle motion and prevents neither anterior talar translation
nor talar tilt [3, 23, 30, 33, 44]. Liu et al. [33] found similar results in a cadaver model, i.e., that the Watson-Jones
and Evans tenodesis provide less mechanical stability than
the modified Broström procedure. In terms of these experimental results it is evident that a tenodesis has a negative
effect on the kinematic coupling of the ankle joint complex [6]. Our data are in accordance with these experimental findings. Stress radiographic examinations have revealed that patients receiving anatomical reconstruction
have significantly less talar tilt and anterior talar translation. Instability has been associated with the development
of degenerative changes as seen on standard radiographs
[21]. As the results of stress radiographic examinations in
our series demonstrated inferior mechanical stability for
the tenodesis group, a larger number of patients with degenerative changes could be expected. More patients in the
tenodesis group displayed medially located osteophytes
than in the anatomical reconstruction group (Fig. 1).
On the basis of these two observations we feel that there
is a correlation between the decrease in mechanical stability and the development of medially located degenerative
changes in the ankle joint. The same phenomenon has been
found by Harrington [21], who performed arthroscopy in
12 of 36 patients with chronic ankle instability; in all 12
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Fig. 1 Anteroposterior radiograph of a patient’s ankle 9 years after
a Watson-Jones tenodesis. Note particularly osteophyte formation
at the medial talar facet and ossicle just below the medial malleolus

cases degenerative changes were seen in the medial compartment of the ankle joint. It has been demonstrated that
in supination trauma cartilage damage occurs in 65%
at the medial talar facet and tip of the medial malleolus
[46]. In a trauma of this kind, the talus rotates out of the
ankle mortice, and in this subluxated, supinated position
the weight causes axial compression through the medial
malleolus and the medial talar facet. This impaction force
explains the cartilage damage which can subsequently lead
to degenerative changes [3, 12, 23, 30, 33, 39, 44, 46].
We found that a larger number of patients in the tenodesis group had a restricted range of dorsi- or plantar
flexion. This may appear in conflict with our finding of
decreased mechanical laxity provided by the tenodesis.
As the transferred tendon is placed in a nonanatomical position or when the reconstruction is too tight, this can restrict dorsi- or plantar flexion and simultaneously may not
prevent tilt and anterior translation of the talus. Although
this phenomenon has also been found by several cadaver
studies, the exact explanation for the simultaneous finding
of restriction of the physiological range of ankle motion

and increased mechanical laxity after a tenodesis reconstruction remains unclear [3, 23, 30, 33, 40].
As many tenodeses are performed with the foot placed
in mild eversion, the lateral side of the ankle joint can easily become overtightened. Significantly more patients required the release of an overly tight reconstruction after
tenodesis than after anatomical reconstruction. Another
problem that has been reported in conjunction with tenodesis procedures is the development of symptomatic anterolateral bony spurs. The tendon, which is routed through
a drill hole in the narrow lateral malleolus, may perforate
the external cortex, leading to the development of symptomatic bony spurs [4]. Our results revealed that a significant number of patients in the tenodesis group required a
second operation to remove symptomatic bony spurs.
When comparing the two groups with regard to functional stability using the scale of Good et al. [41], we
found that significantly more patients in the anatomical
reconstruction group had an excellent result. Significantly
more patients were therefore free from symptoms of giving-way. This finding is supported by a prospective study
by Hennrikus et al. [22] which showed that the modified
Broström procedure resulted in significantly higher scores
according to the scale of Good et al. than the ChrismanSnook tenodesis. Wallenböck et al. [49] also found better
functional results for anatomical reconstructions than with
the Evans and Watson-Jones tenodeses.
All the participating centers in this multicenter study
used the same standard protocol to review their patients and
assess clinical outcome. A large series of 216 patients was
reexamined at a medium- or long-term follow-up (2–10
years). All the radiographs were assessed by one independent observer. The limitations of the present study include
inhomogeneous male/female and left/right ratios for comparisons between the centers. However, we are not aware
of any study that reports that differences in male/female or
left/right ratio influence the results of the surgical treatment
of chronic anterolateral ankle instability. At one center there
was a significantly larger number of postoperative complications than at the others. However, this included in all
cases minor damage to the superficial peroneal nerve.

Conclusion
We conclude that, unlike anatomical reconstruction, tenodesis does not restore the normal anatomy of the lateral
ankle ligaments. These procedures result in a restricted
range of ankle motion, a higher number of reoperations
and less satisfactory functional results. Furthermore, we
conclude that tenodesis does not prevent mechanical laxity after 2–10 years, thereby leading to subsequent degenerative changes on the medial side of the ankle joint.
Acknowledgements The findings reported here were presented at
the 8th Congress of the ESSKA in Nice, France.

178

References
1. Andersson KJ, Lecocq JF (1954) Operative treatment of injury to the fibular
collateral ligament of the ankle. J Bone
Joint Surg Am 36:825–832
2. Anderson ME (1985) Reconstruction
of the lateral ligaments of the ankle using the plantaris tendon. J Bone Joint
Surg Am 67:930–936
3. Bahr R, Pena F, Shine J, Lew WD,
Tyrdal S, Engebretsen L (1997) Biomechanics of ankle ligament reconstruction. An in vitro comparison of
the Broström repair, Watson-Jones reconstruction, and a new anatomic reconstruction technique. Am J Sports
Med 25:424–432
4. Bauer GR (1995) New method for reconstruction in lateral ankle instability.
J Am Podiatr Med Assoc 85:459–463
5. Becker HP, Rosenbaum D (1996) Funktionsstörungen des Fusses nach Tenodesen: ist die Methode noch zeitgemäss?
Sportverletz Sportschaden 10:94–99
6. Becker HP, Schmidt R, Gutcke A,
Gerngross H (1995) Aktueller Stand
der Diagnostik und der Therapie der
chronischen Aussenbandinstabilität am
Sprunggelenk: Ergebnisse einer Umfrage an 267 deutschen Kliniken im
Jahr 1994. Unfallchirurg 98:493–499
7. Becker HP, Rosenbaum D, Zeithammel
G, Gnann R, Bauer G, Gerngross H,
Lutz C (1996) Tenodesis versus carbon
fiber repair of ankle ligaments. Clin
Orthop 325:194–202
8. Boszotta H, Sauer G (1989) Die chronische fibulare Bandinsuffizienz am
oberen Sprunggelenk. Spätergebnisse
nach modifizierter Watson-Jones Plastik. Unfallchirurg 92:11–16
9. Broström L (1966) Sprained ankles IV.
Surgical treatment of ‘chronic’ ligament ruptures. Acta Chir Scand
132:551–565
10. Castaing J, Le Chevallier PL, Meunier
M (1961) Entorse à répétition ou subluxation récidivante de la tibio-tarsienne. Une technique simple de ligamentoplastie externe. Rev Chir Orthop
47:598–608
11. Chrisman OD, Snook GA (1969) Reconstruction of lateral ligament tears of
the ankle. J Bone Joint Surg Am 51:
904–912
12. Colville MR (1987) Reconstruction of
the lateral ankle ligaments: a biomechanical analysis. Orthop Trans 11:485
13. Colville MR (1994) Reconstruction of
the lateral ankle ligaments. J Bone
Joint Surg Am 76:1092–1102
14. Colville MR, Grondel RJ (1995)
Anatomic reconstruction of the lateral
ankle ligaments using a split peroneus
brevis tendon graft. Am J Sports Med
23: 210–213

15. Elmslie RC (1934) Recurrent subluxation of the ankle joint. Ann Surg 19:
1392–1395
16. Evans DL (1953) Recurrent dislocation
of the ankle. A method of surgical treatment. Proc R Soc Med 46:343–344
17. Freeman MA (1965) Instability of the
foot after injuries to the lateral ligaments of the ankle. J Bone Joint Surg
Br 48:669–677
18. Gillespie HS, Boucher P (1971) Watson-Jones repair of lateral instability of
the ankle. J Bone Joint Surg Am 53:
920–924
19. Gould N (1987) Repair of lateral ligament of ankle. Foot Ankle Int 8:55–58
20. Hamilton WG, Thompson FM, Snow
SW (1993) The modified Broström
procedure for lateral ankle instability.
Foot Ankle Int 14:1–7
21. Harrington KD (1979) Degenerative
arthritis of the ankle secondary to longstanding lateral ligament instability.
J Bone Joint Surg Am 61:354–361
22. Hennrikus WL, Mapes RC, Lyons PM,
Lapoint JM (1996) Outcomes of the
Chrisman-Snook and modified
Broström procedures for chronic lateral
ankle instability. A prospective, randomized comparison. Am J Sports
Med 24:400–404
23. Hollis JM, Blasier RD, Flahiff CM
(1995) Biomechanical comparison of
reconstruction techniques in simulated
lateral ankle ligament injury. Am J
Sports Med 23:678–682
24. Hoy GA, Henderson IJP (1994) Results of Watson-Jones ankle reconstruction for instability. The influence
of articular damage. J Bone Joint Surg
Br 76:610–613
25. Karlsson J, Bergsten T, Lansinger O,
Peterson L (1988) Reconstruction of
the lateral ligaments of the ankle for
chronic lateral instability. J Bone Joint
Surg Am 70:581–587
26. Karlsson J, Bergsten T, Lansinger O,
Peterson L (1988) Lateral instability of
the ankle treated by the Evans procedure, a long-term clinical and radiological follow-up. J Bone Joint Surg Br
70:476–480
27. Karlsson J, Bergsten T, Lansinger O,
Peterson L (1989) Surgical treatment
of chronic lateral instability of the ankle joint. A new procedure. Am J
Sports Med 17:286–273
28. Karlsson J, Bergsten T, Peterson L,
Zachrisson BE (1991) Radiographic
evaluation of ankle joint stability. Clin
J Sports Med 1:166–175
29. Karlsson J, Eriksson IB, Bergsten T,
Rudholm O, Swärd L (1997) Comparison of two anatomic reconstructions
for chronic lateral instability of the ankle joint. Am J Sports Med 25:48–53

30. Kjaersgaard-Andersen P, Søjbjerg JO,
Wethelund J-O, Helmig P, Madsen F
(1989) Watson-Jones tenodesis for ankle instability. A mechanical analysis
in amputation specimens. Acta Orthop
Scand 60:477–480
31. Larsen E (1988) Tendon transfer for
lateral ankle and subtalar joint instability. Acta Orthop Scand 59:168–172
32. Lindstrand A, Mortensson W (1977)
Anterior instability in the ankle joint
following acute lateral sprain. Acta Radiol 18:529–539
33. Liu SH, Baker CL (1994) Comparison
of lateral ankle ligamentous reconstruction procedures. Am J Sports Med 22:
313–317
34. Liu SH, Jacobson KE (1995) A new
operation for chronic lateral ankle instability. J Bone Joint Surg Br 77:55–
59
35. Löfvenberg R, Kärrholm J, Ahlgren O
(1994) Ligament reconstruction for ankle instability. A 5-year prospective
RSA follow-up of 30 cases. Acta Orthop Scand 65:401–407
36. Nachtkamp J, Klosterhalfen B, Pott S,
Magin MN, Paar O (1997) Die Ligamentisation als Erklarung fur die Stabilitat der Periostlappenplastik beim
Ersatz des fibularen Bandapparates.
Chirurg 68:1146–1149
37. Nilsonne H (1932) Making a new ligament in ankle sprain. J Bone Joint Surg
14:380–381
38. Reichelt A, Weyrauch HJ (1982)
Beitrag zur operativen Behandlung von
Bandverletzungen des oberen Sprunggelenkes. Unfallheilkunde 85:427–430
39. Rosenbaum D, Becker P, Wilke HJ,
Claes LE (1998) Tenodeses destroy the
kinematic coupling of the ankle joint
complex. A three dimensional in vitro
analysis of joint movement. J Bone
Joint Surg Br 80:162–168
40. Saragaglia D, Fontanel F, Montbarbon
E, Tourné Y, Picard F, Charbel A
(1997) Reconstruction of the lateral ankle ligaments using an inferior extensor
retinaculum flap. Foot Ankle Int 18:
723–728
41. Sefton GK, George J, Fitton JM, McMullen H (1979) Reconstruction of the
anterior talofibular ligament for the
treatment of the unstable ankle. J Bone
Joint Surg Br 61:352–354
42. Snook GA, Chrisman OD, Wilson TC
(1985) Long-term results of the Chrisman-Snook operation for reconstruction of the lateral ligaments of the ankle. J Bone Joint Surg Am 67: 1–7
43. Tegner Y, Lysholm J (1985) Rating
systems in the evaluation of knee ligament injuries. Clin Orthop 198:43–49

179

44. Tohyama H, Beynnon BD, Pope MH,
Haugh LD, Renström PA (1997) Laxity and flexibility of the ankle following reconstruction with the ChrismanSnook procedure. J Orthop Res 15:
707–711
45. Van Dijk CN (1994) On diagnostic
strategies in patients with severe ankle
sprain. Thesis, University of Amsterdam

46. Van Dijk CN, Bossuyt PMM, Marti
RK (1996) Medial ankle pain after lateral ligament rupture. J Bone Joint
Surg Br 78:562–567
47. Van Dijk CN, Tol JL, Verheyen CPM
(1997) A prospective study of prognostic factors concerning the outcome of
arthroscopic surgery for anterior ankle
impingement. Am J Sports Med 25:
737–745
48. Viernstein K, Rosemeyer B, Artmann
M (1974) Eine Operationsmethode zur
Behandlung der chronische fibularen
Bandinsuffizienz. Arch Orthop Unfallchir 78:157–160

49. Wallenböck E, Ledinski C, Hofler S
(1993) Spätergebnisse nach operativer
Behandlung einer chronisch antero-lateralen Instabilität des oberen Sprunggelenks. Langenbecks Arch Chir 378:
139–144
50. Watson-Jones R (1960) Fractures and
joint injuries, 24th edn. Livingstone,
Edinburgh, pp 821–823

