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Background: Ehlers-Danlos syndromes (EDSs) are connective-tissue disorders resulting in joint laxity.
Soft-tissue stability is a concern in these patients when they undergo total hip arthroplasty (THA). Our
purpose was to compare THAs in the population with EDS with a matched control undergoing THA for
osteoarthritis.
Methods: Thirteen patients with EDS underwent THA from 1997 to 2017. Matching was 1:3 with a
control group of patients who underwent THA for osteoarthritis. Matching was based on the gender, age,
and length of follow-up.
Results: We found no difference in demographics or postoperative Harris Hip Scores between the cohorts
(P > .05). Two patients (15.4%) with EDS and 2 patients (5.1%) in the control group suffered a dislocation.
We found no difference in the reoperation or revision rate between the groups (P ¼ .28).
Conclusion: Patients with EDS have a significant improvement in postoperative Harris Hip Scores after
THA. These patients also have a high dislocation rate after surgery, and alternative approaches and
technologies such as dual-mobility components should be considered to reduce the rate of dislocation in
this population.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Ehlers-Danlos syndromes (EDSs) are a collection of connective-
tissue disorders caused by genetic mutations that result in aberrant
collagen due to disorders in the synthesis or processing. Inherited
in an autosomal-dominant fashion, there are 6 types that occur in
approximately 1 in 10,000 individuals. Patients commonly present
with hypermobility of their tissues, which ultimately may lead to
joint pain, instability, and early arthritis [1-4].

The hip joint remains one of themost common joints affected by
osteoarthritis. While total hip arthroplasty (THA) is successful in
treating pain due to osteoarthritis, there is a paucity of data on
technical considerations and outcomes of patients with EDS un-
dergoing such a procedure. There are previous reports of native hip
dislocations in patients with EDS due to hypermobility of the
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surrounding soft tissues [5,6]. Critical to theoutcomes of THAare the
soft-tissue constraints required for stability; a theoretical concern
for increased complications, specifically hip prosthetic dislocations,
exists in this population because of their soft-tissue laxity.

The purpose of this study was to evaluate THA performed in the
population with EDS. Specifically, the clinical outcomes and com-
plications of patients with EDS undergoing THA were compared
with those of a matched cohort of patients undergoing THA for
osteoarthritis.
Materials and methods

After institutional review board approval, we retrospectively
reviewed our institution’s total joint registry to identify patients
with EDS [International Classification of Diseases-9 code (756.83) or
International Classification of Diseases-10 code (Q79.6)] who un-
derwent primary THA. Each identified patient with EDS had been
seen by our genetics team and was verified to have EDS. Thirteen
patients were identified who underwent a total hip replacement
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http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:wilke.benjamin@mayo.edu
www.sciencedirect.com/science/journal/23523441
http://www.arthroplastytoday.org/
https://doi.org/10.1016/j.artd.2020.05.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.artd.2020.05.006
https://doi.org/10.1016/j.artd.2020.05.006


Table 1
Patient baseline and operative characteristics.

Variable Patients with
EDS (N ¼ 13)

Controls
(N ¼ 39)

P-value

Age at surgery (years) 53.8 (9.4) 53.8 (9.1) 1.00
Sex (male) 3 (23.1%) 9 (23.1%) 1.00
Side of surgery (right) 7 (53.8%) 17 (43.6%) .54
BMI 28.5 (5.9) 29.7 (6.9) .52
The number of operations

before THA
.45

0 11 (84.6%) 36 (92.3%)
1 2 (15.4%) 2 (5.1%)
2 0 (0.0%) 1 (2.6%)

Approach 1.00
Anterolateral 11 (84.6%) 32 (82.1%)
Direct anterior 2 (15.4%) 7 (17.9%)
Posterior 0 (0.0%) 0 (0.0%)

Constraint .25
Standard liner 12 (92.3%) 39 (100.0%)
Dual mobility 1 (7.7%) 0 (0.0%)
Constrained liner 0 (0.0%) 0 (0.0%)

The sample mean (standard deviation) is given for continuous variables. P-values
result from a Wilcoxon rank-sum test or Fisher’s exact test. Information was un-
available regarding BMI (N ¼ 17).
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between November 1997 and March 2017, all of whom had a min-
imum follow-up of 24 months. Four of the patients with EDS un-
derwent THA on both their left and right knees (on different dates);
for these 4 patients, we included only the first THA to satisfy the
statistical assumption of independent measurements. These pa-
tients were then matched 1:3 for comparison with a control group
consisting of patients who underwent primary THA for a diagnosis
of osteoarthritis. Matching was based on the sex, age at the time of
surgery (±3 years), and length of follow-up (±90 days). Data were
collected regarding baseline characteristics (the age at surgery, sex,
side of surgery, body mass index, number of operations before THA,
and Harris Hip Scores), operative characteristics (approach and
constraint), and postoperative outcomes (Harris hip Scores and
occurrence of a complication defined as reoperation, revision, or
dislocation). Harris Hip Scores were collected at all routine follow-
up visits, and the latest score collected was used for analysis.
Figure 1. Preoperative and postoperative Harris H
Statistical analysis

Continuous variables were summarized with the sample mean
and standard deviation. Categorical variables were summarized
with the number and percentage of patients. Comparisons of
baseline and operative characteristics between patients with EDS
and controls were made using a Wilcoxon rank-sum test (contin-
uous variables) or Fisher’s exact test (categorical variables).Harris
Hip Scores were compared from before to after surgery using a
paired Wilcoxon signed-rank test separately for patients with EDS
and controls. Postoperative Harris Hip Scores and the change in
Harris Hip Scores from before to after surgery were compared be-
tween patients with EDS and controls using linear regression
models that were adjusted for the length of follow-up.

Occurrence of a postoperative complication (reoperation, revi-
sion, or dislocation) was compared between patients with EDS and
controls using a log-rank test, where patients who did not experi-
ence a postoperative complicationwere censored on the date of the
last follow-up. P-values <0.05 were considered as statistically sig-
nificant, and all statistical tests were two-sided. Statistical analyses
were performed using R Statistical Software (version 3.6.2; R
Foundation for Statistical Computing, Vienna, Austria).
Results

There were 13 patients with EDS and 39 matched controls
included in the study, whose surgeries were performed by 12
arthroplasty surgeons. The average age at the index procedure was
53.8 years (range, 44-72 years) for the patients with EDS and 53.8
years (range, 44-72 years) for the matched controls. The majority of
patients were female in both the EDS (10 of 13; 77%) and control
populations (30 of 39; 77%). There were no dramatic differences
between the 2 groups regarding the age at surgery, sex, side of
surgery, body mass index, number of operations before THA,
approach, or constraint (all P � .25) (Table 1).

Themean length of follow-up after surgerywas 7.3 years (range:
2.0-20.0 years) for patients with EDS and 7.5 years (range: 2.0-19.8
years) for the controls (P¼ .37). Harris Hip Scores were significantly
ip Scores for patients with EDS and controls.



Table 2
Postoperative information.

Variable Patients with
EDS (N ¼ 13)

Controls
(N ¼ 39)

P-value

Length of follow-up (years) 7.3 (6.5) 7.5 (5.5) .37
Harris Hip Score
Preoperative 50.3 (10.7) 45.6 (11.9) .34
Postoperative 77.7 (14.2) 78.4 (15.7) .89
Postoperative minus preoperative 27.4 (10.7) 32.7 (12.9) .19

Complicationa 2 (15.4%) 3 (7.7%) .31
Reoperation 0 (0.0%) 1 (2.6%) .58
Revision 0 (0.0%) 1 (2.6%) .58
Dislocation 2 (15.4%) 2 (5.1%) .46

The sample mean (standard deviation) is given for continuous variables. Compari-
sons of the length of follow-up and preoperative Harris Hip Score between patients
with EDS and controls were made using Wilcoxon rank sum tests. Comparisons of
postoperative Harris Hip Score and postoperative minus preoperative Harris Hip
Score were made using linear regression models that were adjusted for length of
follow-up. Comparisons of complications between patients with EDS and control
were made using log-rank tests.

a One control experienced more than one type of complication.
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higher at postoperative follow-up than the preoperative assess-
ment for both patients with EDS and controls (both P < .001); there
was not a significant difference between the 2 groups regarding the
degree of improvement from the preoperative to postoperative
period (mean change: 27.4 vs 32.7, P ¼ .19, Fig. 1).

Postoperative complications (defined as reoperation, revision,
or dislocation) occurred relatively rarely and at a similar rate be-
tween patients with EDS and controls (P ¼ .28) (Table 2). There
were 2 patients with postoperative complications in the EDS cohort
(15.4%) and 3 patients in thematched controls (7.7%). No patients in
the EDS cohort underwent a reoperation or revision procedure for
any cause. One patient in the matched cohort underwent a reop-
eration to remove a heterotopic bone.

There were 2 patients with dislocations in the EDS cohort
(15.4%) and 2 patients with dislocations in the matched controls
(5.1%) (P ¼ .46). Both patients who suffered dislocations in the EDS
cohort underwent an anterolateral approach, and both had 28-mm
femoral heads with flat liners. The first reported a total of 3 dislo-
cations, beginning 6 years after the index procedure (Fig. 2). The
second patient had 2 dislocations, first occurring approximately 8
months after THA. In contrast, both patients in the control cohort
had only a single dislocation each. One underwent an anterolateral
approach with placement of a 28-mm femoral head and suffered a
Figure 2. Postoperative radiographs after THA in a patient with EDS (a). The patient suffe
patient was treated nonoperatively and underwent a functioning THA 20 years after the in
dislocation 2 years after the index procedure. The second patient
underwent a direct anterior approach with placement of a 32-mm
head and suffered dislocation 1 month after surgery. Finally, there
were no patients in either cohort who complained of a leg-length
discrepancy after surgery.

Discussion

Chronic pain has been estimated to occur in up to 85%-90% of
patients with EDS, with several studies reporting lower health-
related quality-of-life measures not only in healthy controls but
also in patients with rheumatoid arthritis [7-12]. These findings are
thought to be in part due to hypermobility and laxity around the
joints, leading to instability and early arthritis [11,13-16]. The
characteristics of hypermobility and laxity in patients with EDS
must be accounted for when planning to perform THA, which relies
on the soft tissues for stability. Presently, there is no literature
specifically evaluating outcomes and complications after THA in
this patient population. The purpose of this study was to evaluate
and compare characteristics, clinical outcomes, and complications
after THA in this unique patient populationwith those of a matched
cohort of patients undergoing THA for osteoarthritis.

To the author’s knowledge, the report by Larson et al represents
the only comparison of outcome scores in the EDS population
specifically after surgery of the hip. Those authors found signifi-
cantly improved scores postoperatively compared with preopera-
tive values in patients with EDS undergoing hip arthroscopy for
femoroacetabular impingement pain and capsular laxity [17]. This
result is in contrast to a more dated study by Ainsworth et al, who
generally recommended against reconstructive procedures in this
population because of high complication rates [18].

In the present study, both the EDS and matched cohorts
demonstrated a significant improvement in their Harris Hip Scores
postoperatively comparedwith the preoperative values. We did not
find a statistical difference in the final Harris Hip Scores between
the 2 groups, suggesting that the patients with EDS can expect to
obtain significant improvement after surgery.

Higher rates of postoperative complications, including wound
infections, have been noted after surgery in the patient population
with EDS [13,19]. Such an increased risk has resulted in some au-
thors recommending against arthroplasty for these patients [18]. In
our series, we were unable to find a significant difference in the
postoperative complication rates between the patients with EDS
red 3 dislocations postoperatively, along with a fracture in the femoral stem (b). The
dex procedure (c).
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and the matched controls. Of interest, no patients in the EDS cohort
developed postoperative wound complications or infections in our
small series.We did however observe a relatively higher dislocation
rate in the patients with EDS (15.4%) than in the controls (5.1%),
although this was not statistically significant.

Given the relativelyhighdislocation rate observed in the patients
with EDS, itmaybeworthwhile for the surgeon to consider alternate
approaches and newer technology. In the present study, all patients
with EDS underwent either an anterolateral or direct anterior
approach as these are thought to confer less cumulative risk of
dislocation than a posterior approach [20-22]. Additional technol-
ogies such as dual-mobility components have been found to lessen
the risk of dislocation after THA [23]. As only one patient in the EDS
cohort received dual-mobility implants, it remains currently un-
known if these same benefits would translate to these patients.

Leg-length discrepancy is a concern after THA, especially in
patients with lax soft tissues. Although we did not observe post-
operative leg-length discrepancies in our cohort of patients with
EDS, this concern exists and surgeons should be especially mindful
of overlengthening in these patients during the procedure.

Several limitations of this study are apparent, including the
inherent weaknesses of a small, retrospective design. In addition,
the sample size is relatively small, introducing the possibility of a
type II error (false-negative finding). Thus, in our small series, we
cannot conclude that a difference does not exist between the
groups, simply because of the presence of a nonsignificant P-value.

In conclusion, patients with EDS have significant improvements
in Harris Hip Scores after hip arthroplasty, similar to a matched
cohort of patients undergoing THA for osteoarthritis. Patients with
EDS, however, may have a higher rate of dislocations after surgery.
Surgeons should consider the use of alternate approaches and
technology, such as dual-mobility components, to possibly reduce
the rate of dislocations postoperatively.
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