RECONSTRUCTION OF ANKLE FRACTURE MALUNION

A. Louis Jimenez, D.P.M.

INTRODUCTION

Fractures of the ankle lead to chronic disability depending
on the degree of displacement of the osseous fragments and
the extent of ligamentous damage. In most instances, the
degree of morbidity is directly proportional to the quality of
fracture reduction and the overall repair process, whether
treated by closed or open means. The purpose of this paper
is to identify which fractures are associated with increased
morbidity, and to impress upon the reader that early repair
of these fractures can prevent long term disability.

HISTORICAL REVIEW

Until the mid 1930’s most ankle fractures were treated via
closed methods. It was not until 1936, when Speed and
Boyd' reviewed their results that the operative means of
treating ankle fractures was placed in its proper perspective.
Since casting results were especially poor in bimalleolar and
trimalleolar fractures, they identified that “some type of open
operative reconstruction is required.”

Ramsey and Hamilton? studied 23 amputated lower ex-
tremity specimens for tibio-talar contact after removal of all
soft tissues and the lateral malleolus. They found a 42%
mean decrease of tibio-talar contact with 1 millimeter of
lateral talar displacement. An additional 14% loss of tibio-
talar contact was noted with displacement between 1-2
millimeters, and a further 3% deficit of tibio-talar contact at
4-6 millimeters of lateral displacement. Therefore, a de-
crease in the tibio-talar surface contact results in increased
stress per unit area, which may be a factor contributing to
increased morbidity following ankle fractures or disloca-
tions when anatomic reduction is not achieved.

A review of the Lauge-Hanson*#*3 classification of ankle
fractures will indicate that the talus follows the plane of
displacement of the fibula (Fig. TA,B & 2A,B) due to the pres-
ervation of the lateral collateral ligament attachments be-
tween the fibula and the talus. Obviously, this lateral talar
shiftis predicated upon two factors: loss of the lateral buttress
due to fracture or ligamentous destruction, and compromise
of the deltoid ligament or medial malleolar fracture.
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Joy, et.al.,® identified that Supination-external rotation IV;
Pronation-external rotation 1V; and Pronation-abduction Il
fractures (where fractures of the fibula and rupture of the
syndesmotic ligaments occur), allow the greatest percentage
of lateral shift of the talus on the tibia, and therefore, are
associated with the highest degree of morbidity.

Supination
Adduction Rotation

Stage 1

Stage 2

Fig. 1 A,B and 2 A,B show modified Lauge-Hansen ankle fracture clas-
sification. Thick arrow shows direction of injuring forces. Stages show
progression of severity of injury. Each listed grade (I-IV) indicates
structure(s) injured in addition to one or more previously listed lower
grades. Modified from artwork by 5. Howard in Petrone et.al. | Bone
Joint Surg 65A:668-669, 1983.

Fig. TA. Supination-Adduction fracture (SA).

Stage | - Tear of anterior talofibular and calcaneofibular liga-
ments or avulsion fracture of lateral malleolus at or below
level of ankle joint.

Stage || - Near vertical fracture of medial malleolus.



Supination
External Rotation

Stage 1 Stage 2

Fig. 1B. Supination-External Rotation fracture (SER).
Stage | - Rupture of anterior tibiofibular ligament.

Stage Il - Spiral oblique fracture of lateral malleolus.

Stage Il - Fracture of posterior tibial margin.
Stage |V - Rupture of deltoid ligament or fracture of medial
malleolus.

Pronation External
Rotation

Fig. 2A. Pronation-External Rotation fracture (PER).
Stage | - Rupture deltoid ligament or fracture medial
malleolus.
Stage Il - Rupture anterior tibiofibular ligament and interos-
seous membrane.
Stage Il - Short spiral oblique fracture of fibula, 6-8 cm.
proximal to ankle joint, but can be higher.
Stage IV - Fracture of posterior tibial margin or rupture of
posterior tibiofibular ligament.
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Pronation Abduction

Fig. 2B. Pronation-Abduction fracture (PA).

Stage | - Fracture medial malleolus or rupture of deltoid
ligament.

Stage Il - Rupture of anterior and posterior tibiofibular liga-
ments.

Stage lll - Bending fracture of fibula slightly proximal to ankle
joint, often associated with displaced triangular fragment
from lateral surface of the fibula.

ROENTGENOGRAPHIC EXAMINATION

X-ray evaluation of the normal ankle in the mortise view
will demonstrate that the distance between the lateral aspect
of the medial malleolus and the medial aspect of the talus
(clear space) is normally 2 millimeters. This distance corre-
sponds to the thickness of the contiguous articular surfaces
at this level. In ankle fractures where the lateral malleolus
has been fractured and/or tibio-fibular diastasis is present,
|ateral shift of the talus may occur with medial joint compro-
mise. With severe injuries (Supination-external rotation 1V;
Pronation-external rotation IV; and Pronation-abduction I1),
obvious lateral displacement of the fibula may be evidenced
as an increase in the radiographic clear space at the medial
ankle. However, many times the talus may spontaneously
reduce into an anatomic position despite this loss of integ-
rity. In patients with supination-external rotation injuries, it
is very important to rule out rupture of the deltoid ligament.
Compromise of this structure results in total instability of the
ankle mortise, regardless of the alignment demonstrated on
radiographs.

Reduction of ankle fractures should attempt to recreate
and maintain a clear space of less than 3 millimeters and can



best be accomplished by exact realignment of the lateral
malleolus and stabilization of the syndesmosis. This is very
difficult to accomplish via closed reduction methods. Even
with open reduction and internal fixation of these fractures,
less than perfecttechnique canresultin a clear space that has
not been appropriately reduced. Therefore, it becomes
incumbent upon the clinician to critically evaluate the
reduction radiographically. Any residual lateral instability
may cause incongruity of the tibio-talar joint with the
potential for degenerative joint disease. Widening of the
clear space can serve as a barometer to determine whether
open or closed reduction is best, and as a predictor of
potential complications.

Evaluation of the lateral malleolus for shortening should be
performed for the same reasons (Fig. 3A,B). Soft tissue
tension about the fracture site results in bayonetting of the
distal fragment on the more stable proximal fibula. Bauer, et.
al.,” in a 30-year follow-up study of 2,254 ankle injuries, 143
of which were followed for 29 years, found thata 2 millime-
ter posterior displacement of the distal fracture fragment was
compatible with an acceptable result long term. Displace-
ment of this degree could be easily treated via closed
reduction methods and a below-knee weight bearing cast for
6 weeks. These findings are consistent with the studies of
Vasli,® Burwell,? and Phillips, et. al.'®

Posterior malleolar fragments which compose greater than
25% of the distal tibial articular surface may produce a “step
defect” if not adequately reduced. Poor alignment in this
area can similarly result in the potential for later degenera-
tive joint disease.

Fibula

SER 11

Fig. 3A. Asdistal fibular fragmentdisplaces posteriorly, italso shortens.
Fig. 3B. Wider distal portion of fibula has displaced superiorly. Note
tear of anterjor tibiofibular ligament.
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Phillips, et. al, have devised an anatomical scoring system
to assist in quantifying radiographic values for normal and
abnormal ankles (Fig. 4). They found that the talo-crural
angle was a reproducible indicator of fibular length (Fig. 5).
Two values have been assigned by Pettrone, et. al.,'! to
determine integrity of the tibio-fibular syndesmosis: (a) the
width between posterior-lateral tibia and the medial border
of fibula should not be greater than 5 millimeters on the
anterior-posterior ankle view, (b) tibio-fibular overlap be-
tween medial border of fibula and lateral most projection of
posterior malleolus should not be greater than 10 millime-
ters (Fig. 4) on the anterior-posterior ankle view.

Mortise View

AP View

Medial border of tibia

Lateral border of anterior tibial prominence
Medial border of fibula

Lateral border of posterior aspect of tibia
Lateral border of fibula

Lateral border of medial malleolus

Medial border of talus
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Fig. 4. Anatomical landmarks and values for evaluating integrity of
the ankle.
Medial border of tibia.
Lateral border of anterior tibial prominence.
. Medial border of fibula.
. Lateral border of posterior aspect of tibia.
Lateral border of fibula.
Lateral border of medial malleolus.
. Medial border of talus.
ACCEPTABLE VALUES FOR ANKLE INTEGRITY.
X-RAY VIEW
Anterior-Posterior
Anterior-Posterior

aBuBulloNel-"1b=

1. Medial clear space(F-G) 4 mm.
2. Medial Malleolar displacement 2 mm,
3. Integrity of tibiofibular syndesmosis
a. C-D 5 mm.  Anterior-Posterior
b. B-C (tibiofibular overlap) 10 mm. Anterior-Posterior

c. B-C {tibiofibular overlap) 1T mm. Mortise
4. Lateral malleolar displacement 2 mm.  Mortise
5. Lateral malleolar shortening 2 mm. Lateral
6. Size of posterior malleolar fracture 25% Lateral
7. Talar tilt 2 mm. Mortise
8. Talar subluxation Absent
9. Anterior medial corner
(continuity of articular surface)  Present
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Talocrural Angle
Normal 83 £ 4°

Fig. 5. Talo-crural angle

Used to determine amount of fibular shortening. Angle is found by
drawing line parallel with distal tibial surface (A), and another line
connecting the distal borders of the fibular and tibial malleoli(B). A line
perpendicular to line “A” is extended to cross line “B”. This latter
intersection (shaded area) is the talo-crural angle.

As wear and tear continues in poorly reduced ankle
fractures, radiographic evidence of osteophytic lipping and
joint narrowing become obvious. The medial malleolus
should be evaluated for fracture and shifts in any plane.
Fractures of the medial malleolus below the ankle joint and
tears of the anterior tibio-talar portion of the deltoid ligament
alone do not cause significant changes in the tibio-talar
articulation. When the medial clear space is greater than 4
millimeters, complete tear of the deep portion of the deltoid
ligament should be suspected. Ten millimeters or greater,
indicate deep deltoid tear along with tear of tibio-fibular
ligaments and/or fracture of the fibula.

Transchondral fractures of the talar dome may not be
obvious. Detection may be difficult without the assistance of
CT scanning and tomography. If the fracture is in an area
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where tibio-talar articular degeneration can occur, the frac-
ture should be addressed surgically.

Any evidence of the above early signs in radiographic
evaluation of any ankle fracture should make the clinician
suspicious of potential complications and appropriate re-
constructive measures entertained.

SIGNS AND SYMPTOMS

Patients that have had closed reduction of Supination-
external rotation IV, Pronation-external rotation IV, and
Pronation-abduction IlI, or less than optimum open reduc-
tion where exact anatomic realignment has not been accom-
plished, may start to have symptoms related to the condition
3-12 months after the initial injury. Evening pain is found
early in degenerative disease as a result of muscle splinting,
ligamentous strain, and incongruous joint function. Edema
is usually mild in early stages, yet becomes worse as the
pathological state continues. Limitation of motion, guarded
at first, can lead to a frank limp and hesitancy on the part of
the patient to use the extremity. A grating sensation and
audible snaps and clicks are heard as degenerative joint
disease, osseous hypertrophy, and synovitis progress. Clini-
cal examination in stance may reveal a valgus foot as a result
of lateral shift of the talus, or from shortening and lateral
rotation of the fibula.

Symptoms along the medial arch and midfoot similar to
those of flatfoot conditions may be voiced by the patient.
Tenosynovitis of the tibialis posterior is not uncommon. This
“traumatic pronation” leads to development of forefoot
pathologies (hallux abducto valgus, hammertoes, hyperk-
eratoses, etc.) from breakdown of the ankle, midtarsal and
Lis Franc joints.

TREATMENT

Initial treatment is directed at diminishing “stiffness” and
associated musculoskeletal discomfort. NSAIDS and other
analgesics are helpful. An effort should also be made to
protect the foot and extremity from deleterious effects of the
“valgus” position. At times we have had good results with
custom molded orthotics. Assisted walking with canes,
crutches, etc., may be appropriate on occasion. However,
when none of the above measures are helpful, ankle joint
arthroplasty and arthrodesis have been standard forms of
therapy. It is, therefore, imperative that the ankle pathology
be evaluated and early treatment taken to avoid this long
term disability.

Little attention has been focused on surgical reconstruc-
tion and salvage of malaligned malleolar fractures of the
ankle. Usually, surgical intervention has been reserved for



patients with frank arthrosis and pain. This may be due to a
less than adequate understanding of functional anatomy of
the ankle joint, or little experience and success with fixation
methods and postoperative rehabilitation. However, current
methods of osteosynthesis and a more advanced under-
standing of biomechanics and anatomy of the lower extrem-
ity are now available. Excellent success with “accelerated”
postoperative fracture care can now be used to minimize
some of the high failure rates reported in the literature. Speed
and Boyd in 1936 identified the positive attributes of fibular
osteotomy as an effective means of restoring length and de-
rotation in ankle fracture malaligment. It was not until the
mid-1970’s,"? and early 1980's'* '# that encouraging results
were published regarding the later repair of poorly reduced
ankle fractures. Further attention was directed towards this
subject by later authors. In 1989, Yablon, et. al.,'* reported
in a seven-year follow up study that 20/26 patients resumed
pre-injury levels of activity following repair of malunited
ankle fractures. Yablon identified two types of ankle malun-
ion by radiographic appearance. In “occult malunion” the
talus remained in its normal position. The lateral malleolus
was shortened and externally rotated. “Overt malunion” had
lateral talar displacements with similar lateral malleolar
changes.

This author believes that the podiatric physician need not
wait for symptoms to appear before corrective reconstructive
surgery for poorly reduced ankle fractures is attempted. If
one can appreciate greater than 2 millimeters of displace-
ment of the distal fibular fragment and/or lateral rotation of
the fibula, then open reduction with internal fixation should
be considered to regain enhanced reduction. In spite of the
time which may have elapsed since the injury, if cartilage
remains on the tibial, fibular, and talar articular surfaces,
open reduction would seem to be an appropriate treatment
plan so as to avoid future predictable sequelae.

SURGICAL RECONSTRUCTION

The aim of surgical reconstruction is to obtain a functional
and pain-free range of motion of the affected ankle. Gener-
ally speaking, this necessitates restoring alignment and
reducing displacement of the fibula. The degree and type of
surgery will depend on the amount of talar displacement, the
degree of lateral fibular shortening and external rotation, and
whether or not the medial malleolar fragment or deltoid
ligament has been realigned or repaired. Indications for
surgery include the following: a. Malposition identified on x-
ray, b. demonstrable increased joint space (medial clear
space) visible on the anterior-posterior and mortise ankle
views and c. presence of cartilage on the tibial plafond and
talar articulation. Contraindications include: a. Severe de-
generative joint disease, b. loss of bone stock and c. meta-
bolic or severe vascular disease.
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For the patient with minimal displacement of the talus, a
transverse osteotomy may be performed in order to de-rotate
and reposition the fibula in the tibial notch (Fig. 3). Once the
fibular fragment has been relocated, a 5-6 hole plate is used
to hold this new position. Gaping of the osteotomy will nor-
mally occur and may be filled with either autogenous or
allogenic bone graft.

When long term lateral shift of the talus or malposition of
the fibula and tibio-fibular diastasis are present, the quality
of healing will need to be addressed. A Gatellier incision
(posterior-lateral),’® is utilized to more easily remove all scar
tissue from the tibio-fibular and ankle joint. A medial ap-
proach gives good access for removal of scar tissue between
the medial malleolus and talus. It is imperative that all scar
tissue be removed medially to allow proper seating of the
talus against the tibial malleolus. At times the deltoid liga-
ment may have inverted into the joint proper and prevented
full relocation of the talus. The leg is stabilized, the foot is
distracted distally and internally rotated allowing the talus to
rest against the tibial plafond and medial malleolus. A
Steinman pin is directed from superior-medial to inferior-
lateral entering the talus holding this position. X-rays are
taken to ascertain proper alignment. The lateral malleolus is
now fixated with a 5-6 hole plate to maintain lateral stability,
length, and de-rotation. A 4.5 millimeter cortical transfixion
syndesmotic screw prevents diastasis, allowing for healing
of the syndesmotic ligaments and interosseous membrane.
Closure is performed in a routine fashion. TLS drains are
typically utilized. After a sterile dressing, a Jones Compres-
sion dressing is applied.

POSTOPERATIVE CARE

Elevation of the extremity is performed for 3 days. The
Jones Compression dressing is removed in 10 days. A new
cast is applied, bivalved, and structured so that a front half
and back half exists. The patient is instructed and encour-
aged to partake in active-assisted range of motion exercises
at home. If the deltoid ligament has been repaired, three
weeks should be allowed before active range of motion is
allowed. Bathing the extremity is permitted as long as the
patient does not place weight on the extremity. After 4-6
weeks, semi-weight bearingis allowed in alower leg orthotic
brace allowing sagittal plane motion. Full weight bearing is
allowed to tolerance. Hardware is removed in 10 to 16
weeks.

When a pin has been used to hold the medial talo-tibial
position, adequate time must be allowed for new tissue
healing to occur in this new position. After 3 to 6 weeks the
pin is removed and postoperative care rendered as earlier
identified.




SUMMARY

A strong recommendation for early evaluation and diagno-
sis of potentially disabling ankle malalignment is encour-
aged. Once malposition of previously treated fractures is
noted, open reduction and internal fixation may be contem-
plated to avoid long term disability.

References

1. Speed ]S, Boyd, HB: Operative reconstruction of mal-
united fractures about the ankle joint. / Bone Joint Surg
18:270, 1936.

2. Ramsey PL, Hamilton W: Changes in tibiotalar area of
contact caused by lateral talar shift. | Bone joint Surg
58A:356, 1976.

3. Lauge-Hansen N: Fractures of the ankle. Il Combined
experimental-surgical and experimental-roentgenologic
investigations. Arch Surg 60:954, 1950.

4. Lauge-Hansen N: Fractures of the ankle. Il Genetic
roentgenologic diagnosis of fractures of the ankle. Am J
Roentgenol 71: 456, 1954.

5. Lauge-Hansen N: Fractures of the ankle. IV Clinical use
of genetic roentgen diagnosis and genetic reduction.
Arch Surg 64:488, 1952.

6. Joy G, Patzakis M), Harvey JP: Precise evaluation of the
reduction of severe ankle fractures. | Bone Joint Surg
56A:979, 1974.

7. Bauer M, Jonsson K, Nilsson B: Thirty - year follow-up of
ankle fractures. Acta Orthop Scand 56:103, 1985.

8. Vasli S: Operative treatment of ankle fractures. Acta Chir
Scand, Supplementum 226, 1957.

9. Burwell NH, Charnley AD: The treatment of displaced
fractures at the ankle by rigid internal fixation and early
joint movement. J Bone Joint Surg 47B:634, 1965,

10.Phillips BS, Schwartz HS, Keller CS, Woodward HR,
Rudd WS, Spiegel PG, Laros GS: A prospective random-
ized study of the management of severe ankle fractures.
| Bone Joint Surg 67A:67, 1985.

11.Pettrone FA, Gail M, Pee D, Fitzpatrick T, Van Herpe LB:
Quantitative criteria for prediction of the results after
displaced fracture of the ankle. f Bone Joint Surg 65A:667,
1983.

12. Offierski CM, Graham )D, Hall JH, Haredis WR, Schatzker
JL: Late revision of fibular malunion in ankle fractures.
Clin Orthop 171:145, 1982.

13.Fogel GR, Sim FH: Reconstruction of ankle malunion
indications and results. Orthop 5:1471, 1982.

14.Yablon IG, Leach RE: Reconstruction of malunited frac-
tures of the lateral malleolus. / Bone Joint Surg 71A:521,
1989.

15. Gatellier J: The juxtoretroperoneal route in the operative
treatment of fracture of the malleolus with posterior
marginal fragment. Surg Gynecol Obstet 52:67, 1931.

Bibliography

1. Bauer M, Jonsson K, Nilsson B: Thirty - year follow - up
of ankle fractures. Acta Orthop Scand 56:103, 1985.

2. Bolin H: The fibula and its relationship to the tibia and
talus in injuries of the ankle due to forced external
rotation. Acta Radiol 56:439, 1961.

3. Burns BH: Diastasis of the inferior tibial-fibular joint.
Proc R Soc Med 36:330, 1943.

4. Burwell NH, Charnley AD: The treatment of displaced
fractures at the ankle by rigid internal fixation and early
joint movement. J Bone Joint Surg 47B:634, 1965.

5. Edwards GS, Delee |C: Ankle diastasis without fracture.
Foot Ankle 4:305, 1984.

6. Fogel GR, Sim FH: Reconstruction of ankle malunion
indications and results. Orthop 5:1471, 1982,

7. Gatellier ): The juxtoretroperoneal route in the operative
treatment of fracture of the malleolus with posterior
marginal fragment. Surg Gynecol Obstet 52:67, 1931.

8. Henderson MS, Walter GS: Fractures of the ankle: recent
and old. / Bone Joint Surg 15:882, 1933.

9. Joy G, Patzakis MJ, Harvey JP: Precise evaluation of the
reduction of severe ankle fractures. | Bone Joint Surg
56A:979, 1974,

10.Kelikian H, Kelikian AS: Disorders of the Ankle WB
Saunders, Philadelphia, PA., 1985.

11.Lauge-Hansen N: Fractures of the ankle. Il Combined
experimental-surgical and experimental-roentgenologic
investigations. Arch Surg 60:954, 1950.

12.Lauge-Hansen N: Fractures of the ankle. Il Genetic
roentgenologic diagnosis of fractures of the ankle. Am J
Roentgenol 71:456, 1954.

13.Lauge-Hansen N: Fractures of the ankle. IV Clinical use
of genetic roentgen diagnosis and genetic reduction.
Arch Surg 64:488, 1952.

14.Lauge-Hansen N: Fractures of the ankle. V Pronation-
dorsiflexion fracture. Arch Surg 67:813, 1953.

15.Magnussen R: On the late results in non-operative cases
of malleolar fractures. A clinical-roentgenological-statis-
tical study. I. fractures by external rotation. Acta Chir
Scand supplementum 84, 1944.

16.McGlamry ED (ed): Comprehensive Textbook of Foot
Surgery, Vol. Il Williams and Wilkins, Baltimore, MD,
1987.

17.Mendelsohn JA: Nonunion of malleolar fractures of the
ankle. Clin Orthop 42:103, 1965.

18. Offierski CM, Graham )D, Hall JH, Haredis WR, Schatzker
JL: Late revision of fibular malunion in ankle fractures.
Clin Orthop 171:145, 1982.

19. Pettrone FA, Gail M, Pee D, Fitzpatrick T, Van Herpe LB:
Quantitative criteria for prediction of the results after
displacedfracture of the ankle. / Bone Joint Surg65A:667,
1983.

20. Phillips BS, Palmer GA, Monk CJE: The external rotation
fracture of the fibular malleolus. Br J Surg 56:801, 1969.



21. Phillips BS, Schwartz HS, Keller CS, Woodward HR,
Rudd WS, Spiegel PG, Laros GS: A prospective random-
ized study of the management of severe ankle fractures.
] Bone Joint Surg 67A:67, 1985.

22.Ramsey PL, Hamilton W: Changes in tibiotalar area of
contact caused by lateral talar shift. / Bone Joint Surg
58A:356, 1976.

23.Simon WH, Friedenberg S, Richardson S: Joint congru-
ence a correlation of joint congruence and thickness of
articular cartilage in dogs. / Bone Joint Surg 55A:1614,
1973.

24.Sneppen O: Pseudarthrosis of the lateral malleolus. Acta
Orthop Scand 42:187, 1971.

25.Speed JS, Boyd HB: Operative reconstruction of ma-
lunited fractures about the ankle joint. / Bone Joint Surg
18:270, 1936. .

26.Tarr RR, Resnick CT, Wagner KS, Sarmiento A: Changes
in tibiotalar joint contact areas following experimentally
induced tibial angular deformities. Clin Orthop 199:72,
1985.

27.Vasli S: Operative treatment of ankle fractures. Acta Chir
Scand Supplementum 226, 1957.

28.Wilson FC, Skilbred AL: Long-term results in the treat-
ment of displaced bimalleolar fractures. / Bone Joint Surg
48A:270, 1936.

29.Yablon IG, Heller FG, Shouse L: The key role of the lateral
malleolus in displaced fractures of the ankle. J Bone Joint
Surg 59A:169, 1977.

30.Yablon IG: Occult malunion of ankle fractures - a cause
of disability in the athlete. Foot Ankle 7:300, 1987.

31.Yablon IG, Leach RE: Reconstruction of malunited frac-
tures of the lateral malleolus. J Bone Joint Surg 71A:521,
1989.

173



