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Abstract

Introduction Tibiofemoral dislocation is the most serious form of instability following total knee arthroplasty (TKA). It is little
reported in the literature, despite severity comparable to that in the native knee. The present systematic review and meta-analysis
aimed to identify risk factors and treatment strategies.

Methods The Cochrane, Medline (via PubMed), Google, and PROSPERO data-bases were searched in January 2018 following
the PRISMA meta-analysis guidelines. All articles referring to tibiofemoral dislocation following primary TKA were included for
analysis and extraction of individual data. Study data comprised age, gender, comorbidities, primary and revision implant design,
aetiology, and treatment strategy.

Results Individual data for 57 patients (23 studies) were analyzed. A total of 62.0% of primary implants were posterior-stabilized
(49 patients) and 30.4% posterior-cruciate-retaining (24 patients). Obesity was the most frequent comorbidity (39.2%; 31
patients), followed by severe pre-operative deformity (31.6%; 25 patients). Aetiologies of dislocation were mainly related to
comorbidity (15 studies; 65.2%) or intra-operative iatrogenic destabilization (14 studies; 60.9%). Non-operative treatment
(splint) after dislocation was associated with high rates of recurrence (39.1%) but significantly fewer complications (p =
0.033). Implant revision surgery (45 patients; 80.4%) usually involved higher-constraint models (31 patients; 70.8%).
Conclusions Improved implant design has reduced the rate of tibiofemoral dislocation, although this complication remains
serious in both the short and the long term. The present review identified patient- and surgeon-related risk factors. Awareness
of the former, which are identifiable pre-operatively, and of the most frequent technical errors is critical.
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Introduction a regular increase of 34% in incidence per year up to 2030

[1-3]. Functional results and quality of life following TKA are
Total knee arthroplasty (TKA) is one of the most frequent  assessed as good or very good, and 15-year survival exceeds
orthopaedic procedures, and epidemiological studies forecast ~ 90% [4].
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TKA revision, other than in septic aetiology, mainly con-
cerns mechanical loosening [5]. This implicates implant de-
sign, type of bone fixation, and also ligament balance in the
joint [6]. This step of the procedure is particularly complex,
being the final adjustment of the joint, with deleterious con-
sequences if adaptation is less than perfect [7, §]: too little
residual ligament laxity will cause polyethylene wear and ex-
cess stress on the bone fixation interfaces, while too much
laxity will lead to instability, the most severe form of which
is tibiofemoral dislocation.

This is a complication seldom reported in the literature.
Frequency is estimated at 0.15-0.5% in primary TKA
[9-11] and 3.3% in implant revision [12]. Factors predictive
of tibiofemoral instability have been analyzed and the aetiol-
ogies are well-known [13]. Actual data on dislocation, on the
other hand, are sparse and have not to date been specifically
analyzed, although the condition is as serious as dislocation in
the native knee and can even lead to amputation [14, 15].

The aims of this systematic review of the literature were to
describe influencing factors for tibiofemoral dislocation after
primary TKA and to assess treatment strategies.

Material and methods
Search strategy

The Cochrane and Medline (via PubMed) data-bases were
searched for relevant articles and protocols, following the
PRISMA guidelines for literature reviews. The last search
was conducted in January 2018. No time limit was imposed
on publication dates. Articles were selected if written in
French or in English, with abstract available online. Before
drawing up the final search strategy, a preliminary search was
made of the Medline data-base to identify MeSHs words ‘dis-
location’, ‘knee’, ‘arthroplasty’, and synonymous key-words.
A simplified version of the strategy was implemented to study
the non-published “gray” literature on the Google Search
(advanced) and Google Scholar (advanced) search engines,
clinical trial registries, the OpenGrey repository and websites
of meetings and recognized societies. Authors were contacted
whenever further data or clarifications were needed.

Eligibility and selection criteria

The results of the systematic search were synthesized using
the Zotero reference management software package. Doublets
were eliminated. Titles and Abstracts were selected according
to the study inclusion and exclusion criteria by two of the
authors (LR and GV). Full-text articles were then selected
when titles and abstracts appeared relevant. Full-text reading
for inclusion was performed by the two authors independently,
with discussion to achieve consensus in case of disagreement.
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Inclusion criteria comprised (1) articles referring to
tibiofemoral dislocation in primary TKA and (2) articles
concerning TKA revision for tibiofemoral dislocation.
Exclusion criteria comprised (1) the term “dislocation” being
used to designate some other pathology, such as aseptic im-
plant loosening, mobile insert dislocation, or patellofemoral
dislocation; (2) articles concerning unicompartimental knee
arthroplasty; (3) articles with insufficient data, despite direct
contact with the corresponding author (2 emails at 4 weeks’
interval without response by 12 weeks).

Critical assessment of included studies

Data relevance was systematically discussed by the two au-
thors (LR and GV). The Methodological Index for Non-
Randomized Studies (MINORS) [16] was used to assess
methodological quality and risk of bias in non-randomized
surgical studies. This is a 12-item critical assessment tool,
validated for quality assessment in non-randomized surgical
studies, both comparative and not. Items are scored as 0 (not
reported), 1 (insufficiently reported), or 2 (adequately report-
ed), with an ideal score of 16 for non-comparative studies and
24 for comparative studies.

Data extraction

The two authors independently extracted the data from all
included studies. Pilot extraction on the first three studies
was used to standardize the process, then applied to the other
studies independently. Data comprised age, gender, body
mass index (BMI), comorbidities, implant design, time to dis-
location and surgical revision, type of revision and type of
revision implant, and causes of dislocation as identified by
the study authors. Discrepancies in extraction were discussed,
examined, and resolved.

Statistical analysis

Statistical analysis was conducted using Comprehensive
Meta-analysis (Version 2.0; Biostat, Englewood, NJ, USA)
and Stata software (version 13; StataCorp, College Station,
TX, USA). Recurrence rates and 95% confidence intervals
were estimated using random-effect models, assuming
between- and within-study variability. Statistical heterogene-
ity in results was assessed on forest plots, confidence intervals,
and . * values range between 0 and 100% and are typically
considered low for < 25%, moderate for 25-50%, and high for
>50%. Publication bias was assessed by funnel plots and
Egger’s test. Subgroup analysis was then performed. Finally,
sensitivity analysis assessed the influence of the studies’ in-
clusion and exclusion on overall recurrence rates. More pre-
cisely, sensitivity analysis measured the impact of studies in-
cluding only one patient (case reports).
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For descriptive analyses, data were presented as mean and
standard deviation or median and interquartile range, accord-
ing to statistical distribution. All statistical analyses were car-
ried out taking into account between- and within-study varia-
tion. To address non-independence of data due to study ef-
fects, random-effect models were performed. More precisely,
a generalized linear mixed model was applied, using logistic
regression.

Results
Systematic literature search

Data-base searches selected 247 articles. After reading ti-
tles and abstracts, 84 were short-listed for full-text reading.
Fifty-nine articles not meeting the selection criteria were
excluded, and final qualitative analysis concerned 25 stud-
ies (79 patients). Figure 1 shows the selection PRISMA
flowchart.

The selected studies underwent systematic qualitative anal-
ysis. Most of the 25 (n = 22) were case reports; the other three
were retrospective case series. Global heterogeneity (7 index)
was low, at 14.3%. Table 1 presents study characteristics.
Critical assessment on MINORS gave a mean score of
12.48/16 [range, 10—14] (Table 1). Publication bias on funnel
plot (Fig. 2) was assessed as low.

Fig. 1 PRISMA flowchart

Population data

A total of 26.6% of the study population were male (n=21),
64.4% female (n=51), and gender was unknown for 8.8%
(n="7) (Table 2). Mean age at first dislocation was 67.5 +
10.5 years [range, 46—85 years]. Mean time from primary
TKA to first dislocation was 27.1 +40.1 months [range, 0.1—
216 months]. In 35 patients (44.3%), dislocation occurred
within the first six months; 12.7% (n = 10) had late dislocation
at > five years. Osteoarthritis (n=72; 91.1%) was the main
indication for first-line treatment, followed by rheumatic ar-
thropathy (n=6; 7.6%) and trauma (n=1; 1.3%). Surgical
approaches and techniques were conventional, but poorly de-
tailed in most studies. Primary implants were posterior-
stabilized in 49 patients (62.0%), including nine constrained
designs (CCK) (11.4%). A total of 30.4% of implants spared
the posterior cruciate ligament (cruciate-retaining: CR) (n=
24) (Table 3).

Dislocation: diagnosis, mechanism, comorbidities,
complications, aetiologies

Diagnosis of tibiofemoral dislocation was straightforward in
all cases, with suggestive clinical presentation associating
pain, deformity, and total functional impotence.
Displacement was posterior in 69 cases (83.3%), anterior in
nine (11.4%), and lateral in one (1.3%). Intervals to dislocation

Eligibility Screening ] [ Identification J

Included

Records identified through
database searching

Additional records identified
through other sources

(n=642) (n=52)
Records after duplicates removed
(n=247)
4
Records screened Records excluded
—

(n=247)

l

Full-text articles assessed
for eligibility
(n =84)

(n=163)

Full-text articles excluded,
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(n=59)

« Different pathology
/ wrong diagnosis

e Cadaveric / notin
human study

* Article met the

inclusion criteria,

however data not

available

Article not

available in English

or in its entirety

Studies included in
qualitative synthesis
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Fig. 2 Funnel plot of the study o A
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were twice as long in anterior as posterior dislocation (65.9
versus 32.4 months). Lesion mechanisms were not always
clearly identified but were either traumatic (32 patients;
40.5%), usually by low-energy body-height fall, or atraumatic
(26 patients; 32.9%) due to movement in hyperflexion.

Obesity (BMI > 30) was the most frequent comorbidity, in 31
patients (39.2%) in nine studies, followed by severe pre-operative
deformity, defined as > 10° varus/valgus or > 20° flexion contrac-
ture (n=25; 31.6%) (12 studies), central or peripheral neurologic
pathology (n=06; 7.6%) (5 studies), and, to a lesser extent, psy-
chiatric disorder or decompensated metabolic disease (Table 4).

Complications following dislocation mainly comprised
knee extensor system lesions (n=11; 14.0%): patellar frac-
ture, patellar or quadriceps tendon tear [31], and popliteal
pedicle neurovascular lesions (7 =4; 5.1%), leading to thigh-
level amputation in one case (1.27%).

Aetiologies identified by study authors (Table 5) were var-
ied and can be roughly divided into three categories: comor-
bidity-related, iatrogenic, or implant-related (design or con-
straint). Overall comorbidities were the main factor in 15 stud-
ies (65.2%), followed by intra-operative iatrogenic lesions
(collateral ligament lesions, extensor system destabilization,
or implant malpositioning) in 14 studies (60.9%), and implant
design in three studies (n=20; 12%), all concerning first-
generation posterior-stabilized models. There was one case
(1.27%) of traumatic dislocation at first verticalization after
sciatic and femoral motor block [25].

Treatment options
Foremost any relocation manoeuvres, vascular and neurologic
examination is essential, both before and after relocation, and

vascular imaging (arteriography or CT angiography) should
be performed in case of any doubt. Under general anaesthesia,

@ Springer

relocation is performed by an orthopaedic surgeon and one
assistant. Gentle and persistent axial traction are first applied
to the distal tibia, then followed by anterior or posterior forces
(in the opposite direction of the dislocation deformity) to re-
locate. Assessment of the relocation and associated injuries
(fracture, ligaments...) is immediately performed by X-ray.
Finally, the limb is immobilized in a 15 to 20° of flexion
semi-rigid splint. No case of failure to relocate by external
manoeuvres has been reported in the selected articles.

Non-operative treatment by semi-rigid splint immobiliza-
tion in extension was for a mean four weeks (range, 2—
10 weeks). It was implemented in first-line in 23 cases
(29.1%), mostly when comorbidities precluded revision sur-
gery (n=14; 60.1%) or dislocation was early, or associated
with trauma (n = 6; 23%). The analysis of the whole literature
showed a recurrence rate of 39.1% (n=9), with revision sur-
gery in eight cases (88.9%) (Table 6). When failure occurred,
it was always within the first six weeks.

Surgeons have chosen surgical options in first line in 48
patients (60.8%) and in second line, after failure of non-
operative treatment, in eight (10.1%). Revision strategies var-
ied between studies, and authors provided rationales.

Total revision replacing femoral and tibial components was
performed in 45 patients (80.4%), systematically with more
highly constrained components. No recurrence occurred and
functional results were considered satisfactory by the surgeons,
although objective comparison on clinical scores was lacking.

Simple polyethylene insert augmentation was used in 14
patients (25.0%): in early revision (< 6 months) for inadequate
ligament balance in flexion/extension in 12 cases (85.7%), or
late revision (> 5 years) for insert wear in two cases (16.7%).
Simple insert replacement led to failure, with recurrence of
dislocation, in 35.7% of cases (n = 5), requiring total revision
with increased constraint.
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Table 3 Design of primary TKA used in included studies and difficult to treat, especially for surgeons with limited ex-
Posterior-stabilized (PS) Classic n =40 50.6% perience [24, 26, 47]. )

CCK n=9 11.4% Surgeon-related factors frequently concerned certain tech-
Cruciate retaining (CR) n=24 30.4% nical errors: faulty ligament balance in flexion and extension
Deep dished (DD) n=1 13% [18-20, 32, 33] especially with residual laxity in flexion, ex-
Mobile bearing P 25% cessive soft-tissue release [35, 37], and tibial implant
Not available ne3 3.8‘7 malpositioning, specifically in internal rotation [38].

= B 0

CCK constrained condylar knee

Bony and ligament lesions following dislocation were
managed surgically in all cases. The two cases of medial col-
lateral ligament avulsion were treated by suture and hamstring
(gracilis) tendon reinforcement. One case of patellar fracture
was treated by internal fixation, and 11 patients (13.9%) with
patellar or quadriceps tendon tear were successfully treated by
suture reinforced by VY plasty or allograft. The rate of deep
infection following revision surgery was 10.7% (n = 6), in two
cases (33%) requiring new surgery by knee fusion (Tables 5
and 6).

Discussion

The present systematic review about tibiofemoral dislocation
following primary TKA identified key factors for this rare but
serious complication. Influencing factors were either patient-
or surgeon-related.

Patient-related factors were principally comorbidity (main-
ly obesity (39.2%) and neuropsychiatric disorders (10.1%)) or
severe pre-operative deformity (varus/valgus > 10°). The im-
pact of obesity is easily explained by increased mechanical
stress on the joint and poorer muscle quality [39]. This is seen
by the fact that most low-energy dislocations in native knees
concern obese subjects (57%) [27, 40, 41]. Moreover, morbid
obesity is associated with 8% greater risk of medial collateral
ligament avulsion in the early TKA post-operative period
[42]. Neurologic pathology inducing peripheral neuromuscu-
lar disorder underlie desynchronization of joint agonist/
antagonist muscles [29, 43]. Knee instability mainly impli-
cates hamstring muscle spasticity [44—46]. Severe varus/
valgus deformity causes ligament lesions (distension on the
convex and retraction on the concave side) that can be severe

Ligament balance in TKA is recognized as a particularly del-
icate step [6, 21, 23], involving all the key elements of the
procedure: patient-related factors, implant positioning, and
surgical technique. Good balance is essential to short-term
success (functional results) but also to long-term outcome
(implant survival).

Except for mistaken initial choice of constraint, implant
design is no longer a determining factor for dislocation [48].
However, certain concepts and precautions have to be borne in
mind by the surgeon for each type of design when he chooses
one.

Posterior cruciate ligament (PCL) sparing implants depend
for their stability in flexion largely on the PCL, which must
therefore be intact, with normal tension. Anatomic and histo-
logic studies have shown strong correlations between radio-
logic osteoarthritis grade and histologic PCL degeneration
stage [17, 28, 49]. Moreover, in case of macroscopically ab-
normal anterior cruciate ligament, the PCL is affected in more
than 50% of cases even if not torn.

In posterior-stabilized implants, dislocation mainly con-
cerned only certain first-generation designs [22, 30, 34, 37].
To improve motion in flexion, the posterior cam of the tibial
insert was reduced in size and set back so as to reduce “jump
distance” [36].

Ultracongruent designs, being more “anatomic”, show a
greater tendency for anteroposterior femoral translation over
the tibia on kinematic studies [50]. Stability thus requires op-
timal soft tissue tension balance.

Treatment of dislocation comprises two distinct steps. (1)
In emergency, the procedure for TKA dislocation is the same
as in native knee [14, 15]. (2) After this emergency step, treat-
ment is discussed in the light of comorbidities, soft tissue
lesions, implant malpositioning, and implant design. To date,
it is not possible to suggest a validated treatment for TKA
dislocations because of the limitations of the available litera-
ture. Each case is specific and treatment is decided based on
the pros and cons of each solution and discussion with the

Table 4 Pre-operative patient

comorbidities Obesity (BMI>30)

Severe deformations (varus-valgus > 10°/flexion contracture > 20°)
Neuropsychiatric (ALS/Parkinson’s disease/MS/Alzheimer’s disease/schizophrenia)

Metabolic diseases (diabetes/CRF)
Rheumatologic (RA/PRA/ASP)

n =31 39.2%
n=25 31.6%
n=238 10.1%
n=7 8.8%
n=>6 7.6%

ALS amyotrophic lateral sclerosis, MS multiple sclerosis, RA rheumatoid arthritis, PRA pseudo-rheumatoid ar-
thritis, AS ankylosing spondylitis, CRF’ chronic renal failure
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Table 5 Causes explaining dislocations in each study
Author, date Number of Explanations given
dislocations
Rishabh, G., 2015 [19] 14 Obesity/female gender/PE wear (4/14)/ligament imbalance (5/14)
Ozturk, A., 2016 [17] 1 Post-traumatic/extensor system tear/PCL tear
Hagedorn, J., 2012 [24] 2 Poor constraint choice/ligament failure/obesity
Conti, A., 2015 [10] 1 PE wear/senile dementia (MMSE = 16)
Ross, J. P, 2015 [18] 3 Extensor system tear (2/3)/ligament imbalance (flexion extension gap) (1/3)/obesity
Sato, Y., 2012 [23] 1 PE wear/metallosis
Amout, N., 2011 [11] 4 Ligament imbalance/implant design in hyperflexion/posterior cam jump/ectomorph
Sisak, K., 2011 [25] 1 Traumatic after postop femoral block/obesity
Villanueva, M., 2010 [9] 6 Flexion extension gap (4/6)/poor constraint choice (1/6)/tibial implant rotation error
with MCL tear (1/6)
Ugutmen, E., 2008 [26] 1 Severe varus deformity/iatrogenic: LCL, MCL and popliteal muscle surgery
Pao, J. L., 2003 [33] 1 Comorbidities/poor constraint choice/PCL and posterior capsule tear
Schuh, A., 2007 [27] 2 Severe varus deformity/extensor system deficit
Wazir, N., 2007 [28] 2 PCL failure/PE wear/obesity
Lombardi, A., 1993 [36] 15 PS implants 1981-1991/Hyperflexion with cam jump
Wang, C. J., 1997 [35] 6 Severe valgus deformity/poor constraint choice/iatrogenic ligament lesion/PE wear/PCL laxity
Su Y.P,, 2003 [32] 1 Flexion extension gap/ligament imbalance
Bron JL., 2007 [29] 1 Neurologic comorbidities/hamstring spasticity/poor ligament balance/PS implant
Gidwani, S., 2001 [34] 3 Laxity in flexion/PS design with hyperflexion/implant malposition/defective patellar course
NG, T. P,, 2003 [30] 1 PS cam breakage
Bargren, J., 1980 [38] 1 Surgical error: tibial component internal rotation 30°
Galinat, BJ., 1988 [37] 2 Excessive lateral release/severe valgus deformity/implant design
Sharkey, P. F., 1992 [20] 7 Defective patellar course/flexion-extension mismatch/severe valgus
Mine, T., 2004 [31] 1 Extensor tear (patellar tendon)/comorbidities
Vaishya, R. 2015 [21] 1 Severe varus deformity (40°)/extensor tear/excessive lateral release
Serbest, S. 2015 [22] 1 No data

patient. Non-operative treatment runs a significant risk of re-
currence (39.1%) but with few other complications. Implant
revision with increased constraint has a high success rate
(100%), but with a 10.7% rate of sepsis, which may lead to
repeat revision or fusion, or at least to amputation.

This review has several limitations. First of all, heteroge-
neous studies were included to increase the strength of the
overall analysis. This heterogeneity is a consequence of the

study designs (retrospective case series or case reports), due to
the rarity of this complication. This bias was controlled partly
thanks to the study methodology, with a precise definition of
dislocation (excluding simple instability), and to the fact that
authors of each included study were contacted to check their
methodology and results. The use of only English and French
language papers may have incurred a selection bias, although
no articles in any other language were found during various

Table 6 First-line treatment: type

and outcomes Primary non-operative treatment

Surgical treatments
- Primary treatment
n =48 (60.8%),

- Secondary to non-operative
treatment n =8 (10.1%).

Extension splint (2—-6 weeks) n=23 29.1%
Polyethylene insert augmentation n=14 25.0%
Ligament suture n=2 3.6%
Amputation n=1 1.8%
Fusion n=3 5.3%
Implant revision Total n=45 80.4%
Hinge (fixed or rotating) n=18 40.0%
Semi-constrained (CCK/PS) n=9 20.0%
Non-constrained n=0 0%
Not available n=18 40.0%
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database searches. Another limitation was that each article
included in the systematic review was also subject to its own
biases, which could create a downstream effect in drawing the
conclusions of this review. Finally, no meta-analysis with ho-
mogeneous group comparison was possible (because of the
rarity of that complication), thus limiting the conclusions
about the real impact of each risk factor.

Conclusion

Tibiofemoral dislocation in primary TKA is not exceptional, as
the incidence of TKA is high. It is especially serious, both in the
short term and in the longer term at revision. The surgeon’s
awareness of the influencing factors and of the most frequent
technical errors is determining. Treatment should be appropriate
for each patient considering comorbidities, mechanism of dis-
location, advantages, and risks of surgical solutions.
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