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A new method for the assessment of reduction tension during open
reduction in patients with developmental dysplasia of the hip

Gelisimsel kalga displazili hastalarda acik rediksiyon sirasinda rediksiyon sikiliginin
degerlendiriimesi igin yeni bir yéntem
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ABSTRACT

Objectives: This study aims to describe our standardized
method for evaluating the tension of reduction around the hip
joint during open reduction in patients with developmental
dysplasia of the hip (DDH).

Patients and methods: We retrospectively evaluated
67 pediatric patients (8 males, 59 females; mean age 21.9+11.1
months; range, 9 to 67 months) who were performed open
reduction or open reduction with concomitant pelvic and/or
femoral osteotomy for DDH at our clinic between January
2009 and March 2014. The amount of distraction between
femoral head and acetabulum was measured to evaluate the
tension of reduction during surgery. Factors associated with
avascular necrosis (AVN) such as age at reduction, presence of
concomitant pelvic and/or femoral shortening osteotomy, and
severity of dislocation were determined.

Results: Statistically significant association was found between
the presence of femoral osteotomy, severity of dislocation, and
amount of distraction and AVN. The incidence of AVN was
38.8% (10 grade I, 12 grade II, 3 grade III, and one grade IV
AVN). Cut-off value for the amount of distraction to prevent
the development of AVN was calculated as 4 mm.

Conclusion: According to our study findings, we advise using
our technique for the evaluation of the tension of reduction
around the hip joint and performing tension free reduction
in the treatment of DDH to minimize the risk of AVN
development.

Keywords: Avascular necrosis of the femoral head, developmental
dysplasia of the hip, reduction, risk assessment.

oz

Amac: Bu caligmada, gelisimsel kalga displazisi (GKD) olan
hastalarda acik reduksiyon sirasinda kalga eklemi cevresinde
rediiksiyonun sikiligini degerlendirmek igin standardize
edilmis yontemimiz agiklandi.

Hastalar ve yontemler: Ocak 2009 - Mart 2014 tarihleri
arasinda klinigimizde GKD nedeniyle agik reduksiyon
veya acgik reduksiyon ile birlikte pelvik veya femoral
osteotomi yapilan 67 pediatrik hasta (8 erkek, 59 kiz;
ort. yas 21.9+11.1 ay; dagilim, 9-67 ay) retrospektif olarak
degerlendirildi. Cerrahi sirasinda reduksiyon sikiligini
degerlendirmek icin femur bagi ile asetabulum arasindaki
distraksiyon miktar1 dlculdu. Reduksiyon sirasindaki yas,
eslik eden pelvik veya femoral kisaltma osteotomisi varligi
ve dislokasyon siddeti gibi avaskiller nekroz (AVN) ile
iligkili faktorler belirlendi.

Bulgular: Avaskiller nekroz ile femoral ostetomi varligi,
dislokasyon siddeti ve distraksiyon miktari arasinda istatistiksel
olarak anlamli iligki bulundu. Avaskiler nekroz insidansi
%38.8 idi (10 evre I, 12 evre II, 3 evre III ve bir evre IV
AVN). Avaskiller nekroz gelisimini engellemek igin gereken
distraksiyon miktari icin esik deger 4 mm olarak hesaplandi.

Sonu¢: Calisma bulgularimiza gore, GKD tedavisinde
AVN gelisimi riskini en aza indirmek icin kalca eklemi
cevresinde rediksiyon sikiliginin degerlendirilmesi amaciyla
yontemimizin kullanilmasini ve siki olmayan bir rediiksiyon
yapilmasini oneriyoruz.

Anahtar sozciikler: Femur bagi avaskiler nekrozu, gelisimsel kalca
displazisi, rediiksiyon, risk degerlendirmesi.
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Avascular necrosis (AVN) is one of the main
complications associated with the treatment of
developmental dysplasia of the hip (DDH). It is a
potentially devastating complication that can lead
to acetabular dysplasia and joint incongruity and
cause premature osteoarthritis."? The reported
incidence of AVN ranges widely from 3 to 60%.0
This wide range in the literature is due to differences
in diagnostic criteria used, different methods of
selecting patients, and different treatments.
However, it is widely accepted that early diagnosis
and treatment of DDH are largely successful, with a
low risk of AVN.P Commonly claimed mechanisms
in the development of AVN are extrinsic blood
vessel compression and excessive pressure on the
femoral head, both of which prevent perfusion of the
femoral head. Immobilization of the hip in extreme
positions such as excessive abduction and internal
rotation which in turn cause extrinsic compression
of the vessels supplying the femoral head is reported
as a major risk factor for AVN development in
the literature.”® Preliminary traction and femoral
shortening are also methods applied in the literature
to decrease pressure on the femoral head to prevent
the development of AVN.F1

As far as we know, there is no standardized
method to evaluate the tension around the hip joint
during open reduction of hip joint. We, therefore,
developed a pulley and weight system similar to
that used during skin or skeletal traction. Instead
of manual traction of the leg, we used a sterile rope
and pulley system with weights equal to 20% of the
body weight of the child to determine the tension
around the hip joint during surgery. Therefore, in
this study, we aimed to describe our standardized
method for evaluating the tension of reduction
around the hip joint during open reduction in
patients with DDH.

PATIENTS AND METHODS

We retrospectively examined pediatric patients
who were treated at Bagcilar Training and Research
Hospital between January 2009 and March 2014.
with open reduction alone or open reduction with
concomitant pelvic and/or femoral osteotomy for
DDH. Patients with a follow-up period of less
than 12 months, teratologic hip dislocation, hip
dislocations associated with neuromuscular
diseases or septic dislocations, patients with history
of failed Pavlik harness usage, or those who had
undergone previous closed or open reduction at
our or another institution were excluded. One child
was also excluded because she had redislocation

and underwent a second open reduction three
months after primary open reduction. After these
exclusions, a total of 67 children (8 males, 59 females;
mean age 21.9£11.1 months; range, 9 to 67 months)
remained who had not been previously treated.
Age at reduction, type of surgery, severity of
dislocation, and amount of distraction of femoral
head from acetabulum during surgery were noted
for the 67 patients from their medical records and
preoperative radiographs. The study protocol was
approved by the Bagcilar Training and Research
Hospital Ethics Committee. A written informed
consent was obtained from parents of patients.
The study was conducted in accordance with the
principles of the Declaration of Helsinki.

We applied skeletal traction for two weeks
before open reduction for all the children younger
than 24 months and believe this reduced our
AVN rates, hence we continue to use it. All open
reductions were performed by two experienced
orthopedic surgeons through anterior approach
with similar treatment algorithms and techniques.
The decision for pelvic and femoral shortening

Figure 1. Sterile pulley system and application of traction to
extremity.

Figure 2. Distraction between femoral head and acetabulum
during traction.
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Figure 3. Measurement method of amount of distraction
between femoral head and acetabulum.

osteotomy was given according to age of the patient,
severity of acetabular dysplasia on preoperative
radiographs, and intraoperative findings. Femoral
shortening osteotomy was performed through
another lateral incision. Before capsular closure,
tension around the hip joint was evaluated using a
sterile rope and pulley system with weights equal
to 20% of the body weight of the child while hip
was in a 30° flexed position (Figures 1 and 2). The
amount of distraction between a 1.2 mm Kirschner
wire (K-wire) placed perpendicular to the femoral
diaphysis and tangential to the top femoral head
and a second 1.2 mm K-wire placed tangential
to the most lateral point of acetabular roof and
parallel to the first K-wire was measured using
a sterile ruler and recorded in surgery notes in
millimeters. K-wires were just placed over the
bones (not inserted into the bones) and checked by
fluoroscopy (Figure 3).
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After surgery, the hip joints were immobilized in
30°-40° flexion, 30°-40° abduction, and 10° internal
rotation for six weeks in a hip spica cast. After cast
removal, patients wore three months full-time and
three more months night-time abduction orthosis. All
patients were strictly instructed to come for regular
follow-up visits.

Severity of the dislocation was graded
according to Tonnis classification on preoperative
radiographs. Patients’ hips were grouped based on
the amount of distraction between femoral head
and acetabulum. Group A consisted of hips that
had 1-3 mm distraction, group B consisted of hips
that had 4-6 mm distraction, and group C consisted
of hips that had 7-9 mm distraction. The incidence
of AVN of grades I to IV according to Bucholz and
Ogden was determined by examining the latest
radiographs of the patients.!!

Statistical analysis

Descriptive statistics of the data are given as
mean, standard deviation, median, minimum,
maximum, frequency, and percentage values.
Distribution of variables was measured with the
Kolmogorov-Smirnov test. The Mann-Whitney U test
and independent samples t-test were used for analysis
of the quantitative data. As for the analyzation of
the qualitative data, the chi-square test was used.
The degree of effect was researched with univariate
and multivariate logistic regression. Analyses were
completed using the IBM SPSS version 22.0 program
(IBM Corp., Armonk, NY, USA).

RESULTS

The mean duration of follow-up from operation
date to the latest radiographs was 43.1+179 months
(range, 12 to 82 months). Thirty-one right and 36 left
hips were evaluated (Table I).

TABLE |
Demographic characteristics of patients
n MeanzSD Median Min-Max

Age (month) 21.9+11.1 18 9-67
Gender

Female 59 88.1

Male 8 11.9
Follow-up period (month) 48.1£10.9 40 36-82

Side of involvement
Right 31 46.3
Left 36 53.7

SD: Standard deviation; Min: Minimum; Max: Maximum.
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TABLE Il
Investigation of variables playing a role in avascular necrosis etiology

Avascular necrosis (-) (n=41)

Avascular necrosis (+) (n=16)

n %  MeantSD  Median n % MeantSD  Median p
Age (month) 19.9+£8.6 17 25.1+13.7 20 0.051*
Gender 0.936%
Female 36 87.8 23 88.5
Male 5 12.2 3 11.5
Follow-up period (month) 49.9+11.4 37 48.2+10.2 38 0.086"
Side of involvement 0.307%
Right 21 51.2 10 38.5
Left 20 48.8 16 61.5
Pelvic osteotomy 0.307%
- 21 51.2 10 38.5
+ 20 48.8 16 61.5
Femoral shortening 0.044%
- 33 80.5 15 57.5
+ 8 19.5 11 42.5
Severity of dislocation 0.000%
Tonnis grade I 18 43.9 2 6.5
Ténnis grade llI 20 48.8 13 50.0
Ténnis grade IV 3 7.3 1 43.5
Amount of distraction 0.001%
Group A 3 7.3 10 38.4
Group B 17 415 12 46.2
Group C 21 51.2 4 15.4

SD: Standard deviation; * Mann-Whitney U test; $ Chi-square test.

There were 20 Tonnis grade II, 33 grade III, and
14 grade IV hips. The incidence of AVN was 38.8%
(10 grade I, 12 grade II, 3 grade III, and one grade IV
AVN). If only Bucholz and Ogden grades I and greater
are considered, the incidence of AVN was 23.9%.
There were 13 hips in group A, 29 hips in group B,
and 25 hips in group C according to the distraction
amount of the femoral head from the acetabulum.
There were 10 hips with AVN in group A (38.5%),
12 hips with AVN in group B (46.2%), and four hips
with AVN in group C (15.4%).

There was no association between age at
reduction (p=0.051), gender (p=0.936), operation side
(p=0.307), presence of pelvic osteotomy (p=0.307),
and presence of AVN. Statistically significant
associations were found between presence of
femoral osteotomy (p=0.044), severity of dislocation
(p=0.001), and amount of distraction (p=0.001) and
the presence of AVN (Table II).

In the univariate model, there were significant
effects of femoral shortening, degree of dislocation,

TABLE Il
Logistic regression analysis

Univariate model

Multivariate model

OR 95% Cl p OR 95% ClI p
Femoral shortening 3.02 1.01-9.05 0.048
Severity of dislocation 7.92 1.92-32.63 0.004 4.77 1.77-12.83 0.002
Amount of distraction (A/B/C) 5.74 2.19-15.03 0.000 4.81 1.02-22.66 0.047

OR: Odds ratio; Cl: Confidence interval; LR: Logistic regression (univariate model/multivariate model -forward- LR).
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TABLE IV
Statistical evaluation of amount of distraction between avascular necrosis (+) and (-) groups

Amount of distraction (mm)

MeantSD Median Min-Max p
Avascular necrosis 0.000"
- 6.5+1.8 7.0 3.0-9.0
+ 3.7+21 4.0 1.0-8.0

SD: Standard deviation; Min: Minimum; Max: Maximum; * Mann-Whitney U test.

and amount of distraction (p<0.05) in differentiation
of the patients positive or negative for AVN. In the
multivariate model, there were significantindependent
(p<0.05) effects of the degree of dislocation and the
amount of distraction in discrimination of patients
positive or negative for AVN (Table III).

The amount of distraction of hip joint during
surgery was significantly lower in patients with
AVN than those without AVN (p<0.05) (Table IV).
Cut-off value of amount of distraction was calculated
statistically as 4 mm (area under the curve 0.827
[0.726-0.929]). Sensitivity was 69.2%, positive predictive
value was 75.0%, specificity was 85.4%, and negative
predictive value was 81.4% (Figure 4).

DISCUSSION

One of the main and devastating complications
associated with the treatment of DDH is the
development of AVN. Avascular necrosis of the capital
femoral epiphysis leads to femoral head deformity,
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Figure 4. Sensitivity, specificity, and positive and negative
predictive value ratios according to cut-off value (4 mm).
AUC: Area under the curve.

acetabular dysplasia, and early onset of osteoarthritis
as the child grows and also negatively impacts
long-term hip function. Avascular necrosis is a
catastrophic but preventable complication.”! However,
prevention is only possible if the etiology of AVN is
well-known and precautions are taken against the
affecting factors.

A great number of studies have researched the
factors affecting AVN after DDH treatment and nearly
every study has obtained different results with no
consensus reached. The main factors researched
are patient age at time of reduction, application of
preoperative traction, presence of femoral head ossific
nucleus, postoperative immobilization technique,
anterior or medial surgical approach, and whether
pelvic osteotomy and shortening is performed or not.
To the best of our knowledge, there is no study on
a standardized method to assess the intraoperative
tension of surgical reduction. As a result, we planned
a study to assess surgical tension objectively and
rationally during reduction and also to evaluate factors
affecting AVN rates after open reduction including
age, gender, pelvic osteotomy and/or shortening,
Tonnis degree of dislocation, and intraoperative
distraction amounts.

The incidence of AVN in this study was similar to
incidences reported in previous studies.'*! We did
not identify any statistically significant correlation
between age and AVN; however, Gardner et al.l
showed that osteonecrosis rates increased in patients
older than 12 months. The association between age at
open reduction and AVN remains controversial.

In the literature, there are conflicting results
relating to preoperative traction. A study by Thomas
et al.'” showed that preoperative traction has no effect
in reducing AVN rates. The publications defending
that traction reduces AVN rates are weak in terms of
traction type, hip position during traction, duration,
and how much weight should be used.'**! Up to date,
the truth is that many centers and surgeons have
abandoned preoperative traction."
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After reduction, the immobilization position has
beenindicated to be importantin terms of development
of AVN in the literature.” Wide abduction and
internal rotation degrees lead to the hip having the
risk of AVN development. A study by Smith et al.*"
showed that they immobilized the hips in excessive
abduction on computed tomography check-ups after
reduction. They found increased AVN rates on follow-
up of these hips. AVN did not develop in any patients
with abduction lower than 55°. We immobilized all
hips with 30°-40° flexion, 30°-40° abduction, and 10°
internal rotation.

Another method used to reduce AVN rates
is femoral shortening. In the current study, we
applied femoral shortening to all children older
than 24 months. A study by Schoenecker and
Strecker™ comparing cases with traction and
femoral shortening showed that femoral shortening
was effective in reducing AVN rates. Theoretically,
femoral shortening reduces the pressure on the femur
head and hence positively reduces AVN rates. In our
study, higher AVN rates were found in patients with
femoral shortening osteotomy; however, we believe
this high AVN rate was due to the older mean age
in the group with femoral shortening performed
and more advanced Tonnis grade of dislocation.
Moreover, Gardner et al.'® demonstrated that AVN
rates increased in children older than 12 months in
their systematic review. Galpin et al.?? and Wenger
et al.? expanded their indications for shortening to
five months. Similar to the literature, in our study, as
the preoperative Tonnis dislocation grade increased,
AVN rates increased.?*?

We believe that one of the largest problems and
deficiencies today is not assessing the tension of
reduction or knowing the pressure acting on the
femoral head after reduction. To clearly determine
the etiology of AVN, it is necessary to know the
pressure on the femur head and we think that
setting this pressure to optimal values may reduce
AVN rates to a minimum. To date, there is no
objective and standardized technique to assess the
tension of reduction. We believe that the pulley
system we developed may render this possible.
During open reduction, it has been accepted as
a rule that the degree of hip decompression is
adequate if the surgeon can, with a moderate
force, distract the reduced femoral head 3 or 4 mm
from the acetabulum.!® However, upper extremity
strength is mainly dependent on age and gender;
also, each human being has different upper
extremity strength.”! Thus, the force generated
during traction will be different for different

surgeons. Pulling the leg with much strength will
lead to more opening between femoral head and
acetabulum while pulling the leg with less strength
will lead to less opening. This is the most subjective
way of evaluating the tension around the hip
joint. As far as we know, there is no standardized
method of pulling the leg in order to understand
the tension around the hip joint. In our current
study, multivariate regression analysis found that
femoral distraction amount and Ténnis degree were
significantly independent factors affecting AVN
rates. To the best of our knowledge, there are no
studies on this topic in the literature. We believe
that our study demonstrates the strongest evidence
currently regarding the association between the
amount of distraction of the femoral head and AVN.

Our study has several limitations. Many factors
are claimed to have an effect on the development
of AVN. One of them is the presence of ossific
nucleus which we did not examine; however, the
mean age of our study population was 21.9+11.1
months (range, 9 to 67 months), so nearly all hips in
our study had femoral head ossific nucleus. On the
other hand, the low number of cases in our study
limits interpretation of statistical results. Moreover,
the number of assessed hips should have been higher
to obtain more powerful statistical results. Another
limitation for this study is its retrospective design
and short follow-up duration. According to the Salter
et al,® criteria a minimum of one year is required
to diagnose AVN. Unfortunately, the literature does
not demonstrate the length of follow-up in which the
majority of cases are diagnosed.” Follow-up should
continue until the patient reaches skeletal maturity
since the rate of AVN hasbeenreported toincrease with
the length of follow-up.’” Furthermore, retrospective
studies risk measurement bias.! Another limitation is
that although the surgical procedure was the same for
all patients, we could not exclude small differences in
the procedure between the surgeons. However, both
surgeons in the current study had similar levels of
experience regarding the surgical treatment of DDH.

In conclusion, we recommend using our technique
for the evaluation of the tension of reduction around
the hip joint and performing tension free reduction
in the treatment of DDH to minimize the risk of
AVN development. Every effort should be made
to achieve at least 4 mm distraction, which was
calculated as a cut-off value in the current study.
We think that femoral shortening osteotomy should
be performed in cases with distraction amount less
than 4 mm. Moreover, we believe that the reduction
tension is the most important prognostic factor in the
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devolopment of AVN. The majority of current studies
in the literature are non-randomized level III-IV
observational studies; therefore, prospective and
randomized controlled studies with high evidence
levels are required to better understand the factors
affecting AVN rates after surgical treatment of DDH
and how to reduce AVN rates.
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