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Abstract

Purpose Traumatic knee dislocations (KDs) are unusual
yet limb-threatening injuries; the timing of surgical inter-
vention is still debated. A systematic review was performed
to determine the optimal timing of surgery with respect to
injury pattern.

Methods A comprehensive search of Medline, EMBASE,
and Cochrane Central Register of Controlled Trials was
performed for studies published between 1 January 1974
and 20 April 2014 on the surgical management of “knee
dislocation” and “multiligament knee injuries”. Surgi-
cal timing was classified as acute, chronic, or staged. A
systematic review was performed for patients with KD-
III according to Schenck’s classification using individual
patient data.

Results Twelve studies including 150 patients (153
knees) with KDs fulfilled the study requirements. Sixty-
nine cases with KD-IIIM and 84 cases with KD-IIIL were
identified. Excellent or good results were demonstrated in
79.1 % (34 cases) of cases managed with staged treatment
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versus 58.4 % (45 cases) of cases undergoing acute surgery
(p = 0.02), and versus 45.5 % (15 cases) of cases undergo-
ing chronic surgery (p = 0.002). No statistically significant
difference was found in the percentage of excellent or good
results between the acute and chronic surgery groups (n.s.),
or between the KD-IIIM and KD-IIIL groups (n.s.).
Conclusion Staged treatment yields the best clinical
results for patients with KD-III. No statistically significant
difference was shown in the clinical results between acute
surgery and chronic surgery groups.

Level of evidence 1V.

Keywords Systematic review - Knee dislocation -
Multiligament knee injuries - Surgical timing

Introduction

Knee dislocation (KD) is an uncommon but serious injury
accounting for <0.2 % of orthopaedic injuries [17, 20].
There is a lack of high-level literature regarding treatment,
and the optimal approach remains contested. Most sur-
geons advocate surgical management due to the poor out-
comes of nonoperative treatment [1, 2, 4, 10, 14, 15, 21,
24, 28, 30, 33, 37, 42, 43]. Operative treatment was shown
to be superior with regard to Lysholm scores and range of
motion (ROM) in a meta-analysis [4].

There is also no consensus regarding timing of surgery.
Many authors recommended that operative intervention be
performed within 3 weeks [10, 14, 15, 21, 24, 28, 33, 42,
43]. A recent systematic review showed that patients under-
going early surgery achieved better clinical and functional
results compared with delayed surgery [21]. Staged treat-
ment has been widely accepted (first collateral ligamentous
structures or posterior cruciate ligament in the acute phase
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and then residual ligamentous structures in the chronic
phase) with good clinical outcomes [1, 2, 28, 37].

Despite the differentiation of various injury patterns,
they have commonly been reported together. Most studies
did not correlate clinical results with surgical timing and
injury patterns.

Schenck [31] described an anatomic classification sys-
tem based on the pattern of injured structures in KD, which
is helpful in achieving homogeneity among different treat-
ment groups. Schenck’s classification of injury pattern
greatly affects clinical results [9]. A lack of homogeneity
in injury patterns can result in difficulties when comparing
outcomes between treatment groups.

With regard to timing of surgical treatment, existing sys-
tematic reviews or meta-analyses did not consider injury
patterns or the lack of homogeneity therein [21, 27]. The
purpose of this study was to review applicable literature to
compare the clinical outcomes of acute, chronic or staged
treatment of KDs, with respect to injury pattern.

Materials and methods

A comprehensive search of Medline, EMBASE and
Cochrane Central Register of Controlled Trials was per-
formed for studies published between 1 January 1974 and
20 April 2014 on the surgical management of “knee dislo-
cation” and “multiligament knee injuries”. The reference
lists of eligible articles were also reviewed. All studies pro-
viding individual patient data—pattern of injury, surgical
timing, and follow-up evaluation in the text (including table
and figure)—were included. Exclusion criteria were as fol-
lows: case reports; review articles; technique papers; surgi-
cal management of patients with KD-I, KD-II, and KD-IV;
irreducible knee dislocations; minimum follow-up time of
<1 year; and a paucity of data on International Knee Docu-
mentation Committee (IKDC) or Lysholm scores.

The individual patient data extracted from the eligible
studies were as follows: age; gender; mechanism of injury;
Schenck’s classification of injury pattern; time from injury
to surgery; follow-up period; and clinical outcomes. Tim-
ing of surgery was divided into three categories: (1) acute
surgery (ligamentous surgery performed <3 weeks after
injury); (2) chronic surgery (ligamentous surgery per-
formed more than 3 weeks after injury); and (3) staged
treatment (both acute and chronic surgery). One of the
approaches to staged treatment was defined as staged A in
this study [1, 2, 37], and the other strategy was defined as
staged B [28].

Clinical outcomes were graded as “excellent”, “good”,
“fair”, and “poor” according to IKDC scores or, if unavail-
able, according to Lysholm scores [1, 16, 25, 39]. Further-
more, clinical outcomes were aggregated to a dichotomous

variable classified as “excellent or good” and “fair or
poor”.

Statistical analysis

Weighted means for categorical variables were obtained
as follows. The proportion of an outcome variable in each
treatment group was decided by dividing the total number
of cases with an occurrence in all studies by the total num-
ber of cases in all studies. Schenck’s classification of injury
pattern and surgical timing were associated with surgical
outcome, a dichotomous variable characterized as “excel-
lent or good” and “fair or poor”. Pooling of eligible data
from all included studies for surgical timing, and the sub-
sequent aggregate analysis was performed to determine fre-
quencies of “excellent or good” and “fair or poor” and to
compare outcomes of different treatment groups. The Chi-
squared test was used to compare dichotomous variables
across groups. A p value of <0.05 was considered to be sta-
tistically significant. All statistical analysis was performed
with SPSS version 16.0 software (SPSS Inc., Chicago, IL,
USA).

Results

Twelve articles were eligible for this study (Fig. 1). Among
the identified articles, 150 patients (153 knees) were
included. Sixty-nine cases with KD-IIIM and 84 cases
with KD-IIIL according to Schenck’s classification were
identified (Table 1). Seventy-seven cases underwent acute
surgery, 33 underwent chronic surgery, and 43 underwent
staged treatment (34 staged A and 9 staged B; Table 2).

Excellent or good results were demonstrated in 79.4 %
(27 cases) of cases managed with staged A, compared with
77.8 % (7 cases) of cases undergoing staged B (Table 3).
No statistically significant difference was shown in the per-
centage of excellent or good results between staged A and
staged B groups (n.s.).

Excellent or good results were demonstrated in 79.1 %
(34 cases) of cases managed with staged treatment ver-
sus 58.4 % (45 cases) of cases undergoing acute surgery
(p = 0.02), and versus 45.5 % (15 cases) of cases undergo-
ing chronic surgery (p = 0.002). No statistically significant
difference was found in the percentage of excellent or good
results between the acute and chronic surgery groups (n.s.),
or between the KD-IIIM and KD-IIIL groups (n.s.).

Discussion

The most important finding of the present systematic
review was that the best results were yielded by staged
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Fig. 1 Flow chart of identifying
eligible studies

Records identified through database

searching n=2914

references n=25

Records identified through reading

Not corresponding and duplicate

A 4

records removed n=2809

Table 1 Eligible data of the different studies

v

Records retrieved for more detailed

evaluation n=130

o] expert opinion n=41

technical note n=5

A4

Systematic review or Meta—analysis

n=10

»| no sufficient patient data n=62

v

Included n=12

Authors Years Level of evidence Mean age in years Mean follow-up in months Classification accord-
ing to Schenck in cases
KD-IIIM KD-IIIL

Yeh et al. [43] 1999 v 39.6 27.8 13 7

Shelbourne et al. [33] 2007 v 22.1 67.2 17

Wascher et al. [42] 1999 v 27.5 384 7 6

Rios et al. [30] 2002 v 37 36 9 2

Subbiah et al. [37] 2011 v 36.2 22.7 9

Li et al. [24] 2013 v 30.5 90 8

Bin et al. [2] 2007 v 30.4 88.9 7

Ohkoshi et al. [28] 2002 v 28.7 40.1 6

Acharya [1] 2010 v NR 17.5 10

Strobel et al. [36] 2006 v 30.7 41.3 17

Gaulffin et al. [10] 2014 v 31.3 NR 4

Ibrahim et al. [15] 2013 v 26.4 44 20

Total 69 84

NR not reported

treatment. Excellent or good results were achieved by
staged treatment in 79.1 % (34 cases) of cases with
KD-III. In addition, acute surgery can also achieve a
favourable outcome. However, there was no statisti-
cally significant difference in the proportion of excel-
lent or good results between acute and chronic surgery
groups. This systematic review ensured similar injury
patterns to allow comparison of findings between
groups.

@ Springer

To our knowledge, this study is the first systematic
review on surgical timing using individual data of patients
with KD-III to achieve homogeneity in different treatment
groups.

Acute surgery is usually defined as operative manage-
ment performed <3 weeks after injury. Most authors advo-
cate acute surgery for the treatment of KDs, prior to scar
formation and tissue retraction [23, 32]. This is particularly
relevant for collateral structures, where developing scar
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Table 2 Clinical series divided

' _ Authors Cases Excellent (%) Good (%) Fair (%) Poor (%)
by surgical timing
Acute
Yeh et al. [43] 19 8 (42.1) 11 (57.9)
Shelbourne et al. 11 8 (72.7) 3(27.3)
[33]
Wascher et al. [42] 9 5(55.6) 4 (44.4)
Rios et al. [30] 11 2(18.2) 7 (73.6) 19.1) 19.1)
Li et al. [24] 3 1(33.3) 2 (66.7)
Gauffin et al. [10] 2 (50) 1(25) 1(25)
Ibrahim et al. [15] 20 9 (45) 9 (45) 2 (10)
Total 77 10 (13) 35 (45.5) 28 (36.4) 4(5.2)
Chronic
Yeh et al. [43] 1 (100)
Shelbourne et al. 6 2(33.3) 4 (66.7)
[33]
Wascher et al. [42] 2 (50) 1(25) 1(25)
Li et al. [24] 5 1(20) 4 (80)
Strobel et al. [36] 17 5(29.4) 10 (58.8) 2(11.8)
Total 33 2(6.1) 13 (39.4) 15 (45.5) 309.1)
Staged A
Subbiah et al. [37] 9 8 (72.7) 1(27.3)
Bin et al. [2] 12 3(25) 541.7) 4(33.3)
Acharyaetal. [1] 13 11 (84.6) 1(7.7) 1(7.7)
Total 34 3(8.8) 24 (70.6) 6(17.6) 1(2.9)
Staged B
Ohkoshi et al. [28] 9 7(77.8) 2(22.2)
Total 9 7 (77.8) 2(22.2)

Table 3 Clinical outcomes of different groups

Cases Excellent or good (%) Fair or poor (%)
Acute 77 45 (58.4) 32 (41.6)
Chronic 33 15 (45.5) 18 (54.5)
Staged 43 34 (79.1) 9 (20.9)
Staged A 34 27 (79.4) 7 (20.6)
Staged B 9 7(77.8) 2(22.2)
KD-IIIM 69 46 (66.7) 23 (33.3)
KD-IIIL 84 48 (57.1) 36 (42.9)

tissue can complicate the operative field. Due to the risk
of fluid extravasation, arthroscopic treatment of KDs may
increase the risk of compartment syndrome within the first
day after injury [38]. Hence, a delay of 1-2 weeks after
injury is usually recommended to diminish acute inflamma-
tion and soft tissue swelling prior to surgery.

Excellent and good results were found in 58.4 % (45
cases) of cases managed with acute surgery; other authors
also reported acceptable outcomes [12, 14, 21, 29]. Ibrahim
et al. [14] found a mean Lysholm score of 91 points at a
minimum of 24-month follow-up in 20 patients with KDs

who underwent operative treatment 2—3 weeks after injury.
Patients with multiligament knee injuries who undergo
acute surgery have a significantly better outcome compared
with chronic surgery [37]. Conversely, acute surgery of
KDs should be avoided due to the increased risk of arthrofi-
brosis [11, 26, 34, 35]. Harner et al. [12] reviewed 31 KDs,
including 19 patients managed with acute surgery and 12
patients with chronic surgery. At a minimum follow-up
period of 2 years, only four cases managed with acute sur-
gery required manipulation because of loss of flexion [12].
Chronic surgery is defined as surgical treatment per-
formed more than 3 weeks after injury. And 3 weeks after
injury was widely considered to be the critical time between
“acute” and ‘“chronic” [6, 13, 22, 40, 41]. Chronic surgery
can achieve good clinical results and has shown a lower
incidence of arthrofibrosis compared with acute surgery
[5, 8, 18]. However, chronic repair of collateral ligaments
and posterolateral structures is insufficient due to excessive
scar tissue and difficulty in identifying anatomic structures
[12, 22, 23]. Moreover, chronic multiligament knee injuries
may change limb alignment and generate knee deformities
[3, 19]. There is a lack of published studies which directly
compare acute and chronic surgery in patients with KDs, to
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indicate improvement in clinical results after acute surgery.
Fanelli et al. [7] reported that there was no statistically sig-
nificant difference between acute and chronic multiligament
knee injuries evaluated with Tegner, Lysholm, and Hospital
Special Surgery knee scales postoperatively in 20 patients.

Excellent or good results were shown in 45.5 % (15
cases) of cases managed with chronic surgery, compared
with 58.4 % (45 cases) of cases undergoing acute surgery,
with no statistically significant difference between the acute
and chronic groups. However, surgical timing depends on the
neurovascular status of the extremity, multiple traumas, skin
condition, open versus closed knee injury, and other ortho-
paedic injuries. Furthermore, coexisting injuries frequently
preclude acute surgery, and in certain cases surgical manage-
ment must be delayed until patients are in a stable condition.

Staged treatment has been adopted by many authors [1, 2,
28, 37]. After acutely surgical treatment of the collateral liga-
mentous structures or reconstruction of the posterior cruciate
ligament is performed as the first stage, accurate alignment
of the knee aids in the natural healing of residual structures.
Staged treatment simplifies the operative process and short-
ens operative time in the acute phase, decreasing the rate of
arthrofibrosis compared with acute surgery or repairing or
reconstructing all injured ligaments [28, 37]. This strategy
can produce better subjective outcomes and knee stability, it
is convenient for patients to undergo postoperative rehabili-
tation, and therefore, the best ROM is achieved [27]. None-
theless, patients undergoing staged treatment are as likely
to require additional treatment for recovery of full ROM as
those who undergo acute surgery [2]. Moreover, this strategy
entails a greater duration of recovery than repair or recon-
struction of all torn ligaments in the acute stage [2].

Several limitations were presented in the present sys-
tematic review. First, a paucity of high-level literature was
found on the topic. All of the included studies are retro-
spective case series, which contain inherent biases. Second,
there is heterogeneity with regard to surgical techniques,
materials for reconstruction and fixation, mechanisms of
injury, and the method of classifying “excellent or good”
and “fair or poor” according to IKDC scales or Lysholm
scores. Finally, due to a lack of sufficient data on individual
patients’ outcome measures in the included studies, only
a single measurement was compared between different
treatment groups. Staged treatment yields the best clini-
cal results for patients with KD-III in this study. However,
there is a need of higher-level comparative studies on surgi-
cal timing to support.

Conclusion

Staged treatment yields the best clinical results for patients
with KD-III. No statistically significant difference was
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shown in the clinical outcomes between acute surgery and
chronic surgery groups.
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