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Abstract

Introduction: Purpose to study prevalence of the intraarticular chondral lesion
in the malleolar fracture by using ankle arthroscopy to fully understand the se-
verity and complexity of the injury. Methods: Cross sectional study of 32 pa-
tients diagnosed with ankle fracture and undergone open reduction and internal
fixation with arthroscopic assessment performed stimultaneously. The mechan-
ism of injury, patterns of injury and intraarticular chondral injury were docu-
mented. Results: Mean age was 38 years (SD = 14.1, range 18 - 68 years). Eigh-
teen were female and 14 were male. Fifteen involved syndesmostic distruption,
22 had Danis-Weber B injury and 16 had supination external rotation (SER).
Ten (31.2%) had positive intraoperative cartilage injury. Significant correlation
between the Lauge-Hansen classifications with positive findings with 6 had SER,
2 had pronation adduction and 2 had pronation external rotation. Conclusion:
The prevalence of chondral injury in ankle fracture was quite high and may
leads to poor outcome. Arthroscopy procedure allow surgeon to assess intraar-
ticular surface and reduction of the ankle fracture which prompt further inter-
vention that may improve the clinical outcomes and prognosis of the patients.

Keywords

Ankle Fracture, Malleolar Fracture, Ankle Arthroscopy, Arthroscopy
Assessment, Chondral Injury, Articular Injury, Cartilage Injury,
Intraarticular Injury

1. Introduction

Ankle fractures are commonly seen in trauma settings consists 55% of all frac-
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tures in the foot and ankle region [1]. The ankle fracture can be treated by oper-
ative or non-operative method depending on the severity of the injury [2]. The
prognosis however is uncertain. The recent outcomes showed improvement fol-
lowing anatomic restoration of the ankle joints but problems such as chronic
pain, limited ankle motions and perceived instability are the poor long terms
sequales that happens unpredictably [3].

Besides fracture malunion, undiagnosed syndesmosis injury and associated li-
gamentous or chondral lesions may also lead to the poor surgical outcome. This
may arise from limitation of preoperative radiographs and intraoperative fluo-
roscopic stress view in addressing the syndesmosis disruption and ligamentous
tear [4]. In recent years, accuracy of diagnosing the exact ankle injuries has been
increase with new development of imaging [5]. Ankle arthroscopy which can
provide direct vision of the intraarticular chondral condition and syndesmostic
distruption is becoming popular both as the diagnostic and therapeutic tools in
addressing ankle fracture [6] [7] [8] [9]. With recent development of camera
system, distraction techniques and specialized instruments, ankle arthroscopy
become a safe and less invasive technique than open technique in detecting tibi-
otalar aricular surface and syndesmostic joint injury [9] [10] [11].

Despite after good fixation and well united fracture, sometime patients still
have pain with limitation of functions. This give rise to the concern of whether
the diagnosis is exact and proper treatment has been given [12]. Recent studies
of radiography assessment pre and intraoperative accuracy showed the shortfalls
of both assessments [4] [5]. Undiagnosed injury may become the culprit that de-
bilitates patients. Magnetic resonance imaging (MRI) may provide more accu-
rate diagnosis however not feasible to be done in terms of limited resource and it
is only a diagnostic tools. Contrary to ankle arthroscopy, the assessment of the
articular surface and occult chondral injury can be done by MRI [13].

Although the instrument and techniques of arthroscopy improved tremend-
ously making the procedure safer and beneficial nowadays, arthroscopic assess-
ment of intra-articular is not routinely done. By performing the assessment,
proper treatment of any detected lesion can be given in one setting which is may
lead to better outcome [14] [15]).

This study was conducted to determine the prevalence of the intraarticular
chondral lesion in the malleolar fracture by using ankle arthroscopy to fully un-
derstand the severity and complexity of the injury.

2. Methodology

A cross sectional study was conducted from April 2017 until December 2018 in-
volving all patients diagnosed to have malleolar fracture that presented to Or-
thopaedics department of Hospital Raja Perempuan Bainun in Perak, Malaysia
which is unstable and need surgical intervention as decided by doctors in charge
of the patients including closed fracture of lateral malleolus, medial malleolus,
bimalleolar and trimalleolar with or without subluxation and any undisplaced

fracture that might displaced once the swelling reduced.
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The exclusion criteria were open fracture, ankle dislocation, underlying diag-
nosis of inflammatory and degenerative arthritis and unfavourable soft tissue
condition. After all the inclusion and exclusion criteria being fulfilled, consent
was taken.

Evaluation of the pattern of injury further classified into isolated or bimalleo-
lar fracture, Lauge-Hansen classification and Danis-Weber classification based
on pre-operative radiograph film [2] [16] [17] as shown in examples of cases be-

low in Figure 1 and Figure 2.

Figure 1. One of the cases that had Danis-Weber A fracture which classified
based on location of fibular fracture. (A, Infrasyndesmotic (generally not asso-
ciated with ankle instability); B, Transsyndesmotic; C, Suprasyndesmotic).

Figure 2. One of cases that had supination external rotation of the Lauge-Hansen
classification system that based on position of the foot and direction of force
during injury. (A, Anteroposterior view of ankle; B, Lateral view; red arrow, lat-
eral malleolus fracture; green arrow, medial malleolus fracture).

Patient was put in supine position and tourniquet applied. Reduction of frac-
ture was done and fixed according to the fracture using plate or screw. The soft
tissue was assessed intraoperative and only in favourable soft tissue arthroscopy

examination was done. Ankle arthroscopy was done by a foot and ankle trainee
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supervised by consultants of Foot and Ankle team in this centre.

Standard portal of anteromedial and anterolateral was used. Ankle arthrosco-
py was done using 2.7 mm 30 degrees arthrocope. Motorised shaver and probe
used to assess the chondral surface and chondralmalacia was graded using Out-
erbridge classification [18]. The Outerbridge classification is a grading system
for joint cartilage breakdown that has been validated and accepted by interna-

tional sport associations as shown below (Table 1).

Table 1. Outerbridge classification.

Grade Description
0 Normal
1 Cartilage with softening and swelling

Partial-thickness defect with fissures on the surface that do not reach

2
subchondral bone or exceed 1.5 cm in diameter

3 Fissuring to the level of subchondral bone in an area with a diameter
more than 1.5 cm

4 Exposed subchondral bone

Gravitational inflow and outflow irrigation system was used. Stability of the
syndesmostic joint was assessed using shaver (drive through sign). Any chondral
injury detected subsequently treated by microfracture and debridement done
depending on surgeon’s discretion. No further follow up was done as this study
was a prevalence study to see the injury.

Data entry and statistical analysis was done using SPSS software version 22.0
(IBM Corp., 2013). The data was presented as mean and standard deviation (SD)
for numerical variables and frequency with their percentage (%) for categorical
variables. Univariate analysis was done using Pearson Chi Square or Fisher Exact
test to analyse the association between categorical variables. P values < 0.05 is
deemed statistically significant. This research was approved by reviewed and ap-
proved by Malaysian Medical Research & Ethical Committee (NMRR-17-307-
34256).

3. Results

There were 32 patients involved in this study with mean age was 38 years (SD =
14.1, range 18 - 68 years). Of all patients, 18 were female and 14 were male. All
of them had only one side of the ankle involved. The sociodemographic charac-
teristics are as showed in Table 2. Fourteen out of 18 female patients sustained
the injuries after fall while eleven out of 14 male patients mostly involved in road
traffic accidents. There is significant association between sexes of the patients
with mechanism of injuries (p value = 0.004). Six out of 18 female patients sus-
tained chondral injuries while four out of 14 male patients sustained chondral
injuries. There is no significant association between sexes of the patients with

chondral injuries (p value = 1.000).
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Table 2. Socio-demographic characteristics (n = 32).

Variables Frequency (%) Mean (SD)
Age (year) 38.03 (14.16)
Sex
Male 14 (43.8)
Motorvehicle accidents 11 (78.6)
Fall 3(21.4)
Female 18 (56.2)
Motorvehicle accidents 14 (77.8)
Fall 4(22.2)
Sex
Male 14 (43.8)
Chondral injury 4 (28.6)
No chondral injury 10 (71.4)
Female 18 (56.2)
Chondral injury 6(33.3)
No chondral injury 12 (66.7)

The patterns of injuries were described into different aspects and classifica-
tion. The injuries were divided into involvement syndesmostic joints, numbers
of malleolus, Danis-Weber classification of lateral malleolus and Lauge-Hansen
classification. The patterns of injuries then were analysed to see the relationship
with mechanism of injuries as in Table 3.

Table 3. Relationship of fracture pattern in relation to mechanism of injury (n = 32).

Group Frequency (% of total sample) X
Variables pvalue
Fall (n = 17) MVA (n = 15) (df)
Syndesmosis joint
Intact 11 (64.7) 6 (40.0)

1.95(1)  0.287°
Diathesis 6 (35.3) 9 (60.0)

Involved malleolus

Medial only 1(3.1) 4(12.5)
Lateral onl 3(94 2(6.2
arere ony O 62 431(0) 0.228°
Bimalleolar 8 (25.0) 8 (25.0)
Trimalleolar 5(15.6) 1(3.1)
Danis-Weber
Intact fibula 1(3.1) 4 (12.5)
A 1(3.1 2 (6.2
(3-1) ©2) 3.78 (0)  0.271°
B 14 (43.8) 8 (25.0)
C 1(3.1) 1(3.1)
Lauge-Hansen
SER 10 (31.2) 6 (18.8)
PER 1(3.1 1(3.1
(1) .1 573 (0)  0.112°
PA 5(15.6) 2(6.2)
SA 1(3.1) 6 (18.8)

Note: *Pearson Chi Square; "Fisher Exact test. (SER, supination external rotation; SA, supination adduction;
PA, pronation abduction; PER, pronation external rotation).
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Results showed number of syndesmotic joint injury almost equally occurred
in patients after motor vehicle accidents but most patients in fall group had
intact syndesmotic joint. Half of the patients had bimalleolar fractures which
contribute by both mechanism of injury equally. Around 79% of patients pre-
sented with fibula fracture at the level of syndesmostic joint (Danis-Weber B)
with majority from fall group patients. By Lauge-Hansen classification, 50% of
the patient had supination external rotation injury. However none of the pat-
tern of injuries had significant association with mechanism of injuries.

Figure 3 showed example of case that had positive findings intraoperative.
Arthroscopic examination of the intraarticular lesions was done after the reduc-
tion and internal fixations of the fracture done. In cases that intraarticular sur-
face was not well reduced, the reduction was repeated until satisfactory articular

surface achieved.

Figure 3. Arthroscopic view of the right ankle showed grade 3 car-
tilage injuries exposing the subchondral bone. (a, Tibia plafond; b,
Medial malleolus; ¢, Talus dome; orange arrow, fracture line of
medial malleolus; blue arrow, intraarticular chondral lesion).

Arthroscopy assessment of the ankle joint in 32 patients revealed that 31.2%
(n = 10) of patients had intraarticular injury as shown in Figure 4. Twenty two

patients did not have intraarticular injury.
Intraoperative finding

n:10
(31.2%)

ENo cartilage injury
@Cartilage injury

n:22
(68.8%)

Figure 4. Prevalence of cartilage injuries in 32 patients.

They were equally contributed by both group of mechanism of injuries fall (n

DOI: 10.4236/0j0.2020.108021

184 Open Journal of Orthopedics


https://doi.org/10.4236/ojo.2020.108021

N. M. Hayadin et al.

= 5) and motor vehicle accidents (n = 5). No significant correlation between
mechanism of injury and intraarticular cartilage injury (p value = 0.555) as shown

in Figure 5.

14 ONo cartilage injury
12 M Cartilage injury
12

10
10

Fall Motor vehicle accident

Figure 5. Prevalence of cartilage injury in different type of mechanism of injuries.

The types of fracture pattern in relation to intraoperative findings of cartilage

injury as in Table 4.

Table 4. The types of fracture pattern in relation to intraoperative findings of cartilage
injury (n = 32).

Group
Frequency (% of total sample) X2
Variables pvalue
No Cartilage Injury Cartilage Injury (df)
(n=22) (n =10)
Syndesmosis joint
Intact 13 (40.6) 4(12.5)
1.01 (1 0.450°
Diathesis 9 (28.1) 6 (18.8) m
Involved malleolus
Medial only 4 (12.5) 1(3.1)
Lateral onl 2(6.2 3(9.4
areral oy 62) (0.4) 258(0)  0.535
Bimalleolar 11 (34.4) 5(15.6)
Trimalleolar 5(15.6) 1(3.1)
Danis-Weber
Intact fibula 4(12.5) 1(3.1)
A 3(94 0 (0.0
(5.4) (0.0) 4.73(0)  0.148
B 15 (46.9) 7 (21.9)
C 0(0.0) 2(6.2)
Lauge-Hansen
SER 10 (31.2) 6 (18.8)
PER 0 (0.0) 2 (6.2) b
7.11 (0 0.052
PA 5(15.6) 2 (6.2) ©
SA 7 (21.9) 0(0.0)

Note: “Pearson Chi Square; °Fisher Exact test. (SER, supination external rotation; SA, supination adduction;
PA, pronation abduction; PER, pronation external rotation).
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Most of the patients that had intact syndesmotic joint did not have intraarti-
cular injury. Six (18.8%) out 15 patients that had syndesmotic disruption had
intraarticular injury. Half of the patients had bimalleolar fracture and 5 (15.6%)
of them had intraarticular injury which was the highest number. Seven (21.9%)
patients from Danis-Weber B fibula fracture had intraarticular injury but not
significant statistically.

Fifty percent of patients sustained supination external rotation injury and 6
(18.8%) had intraarticular injury. A Fisher’s exact test indicated that the preva-
lence of intraarticular injury among type of fracture in Lauge-Hansen classifica-
tion were significantly different, p value = 0.05. Therefore there was significant
association between type of fracture in Lauge-Hansen classification and intraar-
ticular cartilage injury.

Further descriptions of intraarticular injuries were shown in the Table 5 be-

low.

Table 5. Descriptive data intraoperative finding with mechanism of injury and Lauge
Hansen classification in the group of patients with cartilage injury. All the cartilage inju-
ries were grade 1 unless stated otherwise.

MECHANISM OF TIBIA TALUS
ID PATIENTS LAUGE-HANSEN
INJURY SURFACE SURFACE
1 Fall SER - Center
3 Fall PA - Medial
Center
11 MVA SER -
(Grade 2)
Center,
12 MVA PA Center .
medial
13 Fall SER Medial -
14 MVA SER Medial Center
19 MVA SER Medial
(Grade 3)
21 Fall SER - Medial
24 Fall PER Medial
(Grade 2)
27 MVA PER Medial
(Grade 3)

(MVA, motor vehicle accident; SER, supination external rotation; SA, supination adduction; PA, pronation
abduction; PER, pronation external rotation).

Among the 10 patients with cartilage injury, 7 patients had lesion only at talus
and one patient had injury only at tibia surface. Two patients had lesion both in
talus and tibia cartilage with one of them had kissing lesion involving center part
both tibia and talus. Six patients had chondral lesion over the medial part of the
talar dome and 3 subjects had lesion over the center of the talar dome. The de-
gree of injuries varies in term of severity and most of them had grade one carti-

lage injury. Two patients had grade 2 injury and 2 patients had grade 3.
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4. Discussions

The results of this study showed almost a third of the patients had intraarticular
injury when arthroscopy assessments were done. Previous papers had wide
range of positive findings from 63% (8, 9) to 79.2% [19]. The low percentage
found in this study could be due to the low energy injuries as the more severe
injuries either severe soft tissue problem or dislocation were excluded from the
study. Although the percentages of positive intraoperative findings were widely
ranged, we learnt that the outcome of ankle fracture might be affected by carti-
lage injury.

In this study, ankle fractures were mainly caused by motor vehicle accidents
and fall. These two different mechanisms of injuries had different load of energy
and direction [20] [21]. Most of the time when patient had a fall, the foot been
twisted and energy was loaded in rotational direction. However in road traffic
accident, usually the ankle was hit with direct high energy impact. In our local
setting, motorcycles are among one of the popular mode of transportation that
carry higher risk of injury to foot and ankle region.

In this study, female patients prone to injury after fall while male patients
mostly had motor vehicle accidents. Previous study of epidemiology showed
53.5% of cases occurred on the street [1] and in this study 46.9% injuries had
occurred involving motor vehicle accidents. From this study, there was no sig-
nificant association between mechanism of injury and pattern of injury. Both
group of mechanism also had same amount of subjects that had intraarticular
chondral injury. Berndt and Hardy [22] based on radiography finding postulated
that the principal force was torsional impaction. When tibia was internally ro-
tated, shear force potentially displacing a lateral osteochondral fragment was
produced by forced dorsiflexion and inversion leading to impacted and com-
pressed the lateral talar margin against the medial articular surface of the fibula.
However with the tibia in external rotation, shear force at the medial dome was
caused by plantarflexion and inversion that impacted the medial articulation of
the talus against the posteromedial tibia.

From our data, there was significant correlation between Lauge-Hansen clas-
sifications with chondral injury. Supination external rotation had the 6 (18.8%)
subjects with intraarticular positive findings. However the observation among
the chondral injury group revealed that most chondral lesions injury occurred at
talus articular surface with 6 at the medial surface of the dome, 3 at the center
part of dome and one had both site injured.

No exact mechanism that causing chondral injury is conclusively known [10]
[19] [23] [24]. In our series, supination external rotation caused 5 injuries at ta-
lus cartilage and 2 injuries at tibia (one of subject had both surface affected). Our
data seemed to be in line with the theory postulated by Berndt and Hardy as the
supination external rotation had more injury on the medial side of the ankle.
Hintermann [19] reviewed 288 consecutive patients had 79.2% osteochondral

injury and reported the incidence of talar dome lesions of 69.4% which was

DOI: 10.4236/0j0.2020.108021

187 Open Journal of Orthopedics


https://doi.org/10.4236/ojo.2020.108021

N. M. Hayadin et al.

much higher than our sample group.

Leontaritis [25] with 84 patients had 73% of intraarticular chondral injury and
61% in talar side. They described in details regarding the location of injury with
the severity of ankle fracture pattern based on the Lauge-Hansen classification.
They were able to demonstrate that the severity of the acute ankle fractures
based on the Lauge-Hansen criteria is associated with an increased number of
chondral lesions in the ankle. They noted that in pronation external rotation and
supination external rotation type-IV ankle fracture is 8.1 and 9.7 times more
likely than a type-I or a type-II ankle fracture associated with two chondral le-
sions or more. In our study both pronation external rotation and supination ex-
ternal rotation fracture had presented with more severe injury both grade 2 and
3 each but we did not specified the stage of injury each pattern while in their
study only the numbers of lesion counted and did not mention the depth of the
lesions,. Cheng [26] developed arthroscopic staging of the talar osteochondral

lesions as in Table 6.

Table 6. Arthroscopic staging of talar osteochondral lesions.

STAGE DESCRIPTIONS
A Articular cartilage is smooth and intact but soft
B Articular cartilage surface is rough
C Fibrillation or fissuring of the cartilage is present
D Osteochondral flap is present or bone is exposed
E Osteochondral fragment is detached but undisplaced

i

Osteochondral fragment is detached and displaced

Therefore based on the previous study and our data, it is justified to perform
routine inspection of the talar dome during the surgical treatment of ankle frac-
tures. Ackerman [6] reported the trends of treatment of ankle fracture with
arthroscopy procedures were changing over 5-year period between 2007 and
2011. During these period surgeons performed arthroscopic treatment simulta-
neously during open repair of ankle fractures with significant increased preva-
lence while prevalence of arthroscopic ankle treatments occurring in a subse-
quent procedure after any ankle fracture treatment decreased significantly. This
was due to earlier detection and treatment of cartilaginous injuries in acute ankle
fractures and able to promote better healing and outcome.

Hence subsequent more studies were done to evaluate the effectiveness of
doing arthroscopy simultaneously with open reduction and internal fixation [15]
[27] [28] [29] [30]. In few of the studies that compared the outcome of the pro-
cedure against the conventional methods without arthroscopy assistance, it was
difficult to justify that arthroscopic assistance fixations improves the outcomes
of the fracture. No clear suggestion should arthroscopy become routinely incor-
porated with open reduction and internal fixation or selectively done with cer-

tain indications to guide the treatment algorithm for optimum outcomes.
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Ackerman [6] noted however the need of second surgery much reduced in re-
cent years as the numbers of integrated arthroscopic procedures increased. More
data in term of long term outcomes need to be obtained by future research as
post traumatic cartilage degenerative progress over period of time. The compar-
ison of complication rates and total operating times of open reduction and in-
ternal fixation with or without arthroscopy assistance was unclear and data was
lacking in order to strongly suggest the potential of arthroscopy role in treating
ankle fracture.

The complications of ankle arthroscopy procedure may deter the good out-
comes [30] [31]. The most common complication is superficial peroneal nerve
injury. Others were post-operative infection, swelling, complex regional pain
syndrome and further insult to the cartilage. Therefore proper indications and
training are needed before considering incorporating the procedures as it might
worsen the outcomes. Arthroscopy is useful in assessing the osteochondral le-
sions but it is unable to completely assess underlying bony lesions which is better
visualised in magnetic resonance imaging.

Limitations of this study were small sample size and did not properly quantify
the sizes of the lesions. No complications data was documented and may need

prospective long term outcome study for more impact.

5. Conclusion

The prevalence of chondral injury in ankle fracture was quite significant and
may lead to poor outcome. Arthroscopy procedure allow surgeon to assess intra-
articular surface and reduction of the ankle fracture which prompt further in-

tervention that may improve the clinical outcomes and prognosis of the patients.
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