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Purpose: Presentation with the advanced stage of Legg—Calve—Perthes disease (LCPD)
carries a poor prognosis, regardless of the treatment that the patient receives. The aims of this
study are to assess the clinical and radiological outcomes of arthrodiastasis in advanced cases
of LCPD using a hinged monolateral external fixator without soft tissue release and to raise
safety issues regarding its low rate of complications.

Patients and Methods: Six patients with LCPD who were classified as lateral pillar types
B and C and were operated on in our department were included in this retrospective study.
Data collected from medical files and X-ray measurements were retrospectively reviewed.
Results: A total of six male patients were included in this analysis. The mean age at onset of
symptoms was 8.5 years (range 7-10 years). The mean follow-up period was 46 months
(range 40-50 months). Five cases were Herring C and one case was Herring B at presenta-
tion. The average distraction time was 8 days (range 7-9) and the average duration of
external fixator application was 3.1 months (range 2.5-3.5 months). The range of motion
of the hip in flexion, abduction and internal rotation were improved postoperatively. Pain
score and limping were also improved. At the final follow-up, the mean sphericity deviation
score was 10.6. The mean epiphyseal index was improved from 19.3% to 23.8%. In addition,
the mean cervical index improved from 99.7% to 89.7% at the last follow-up. Femoral
fractures, pin loosening, mechanical failure of the fixator, chondrodiastasis, and hip subluxa-
tion were not seen in this group of patients.

Conclusion: Arthrodiastasis with a hinged monolateral external fixator without soft tissue
release improved both the clinical and radiological outcomes in this group of patients.

Keywords: Perthes disease, hip arthrodiastasis, external fixator, distraction, safety

Introduction

Legg—Calve—Perthes disease (LCPD) is one of the most controversial conditions in
pediatric orthopedics in terms of treatment-related decisions.! Despite the wide
knowledge and research about the disease, there is still a group of patients with
a poor prognosis, regardless of whatever treatment they receive. These patients are
those in whom the disease presents at an advanced stage (mainly Herring’s lateral
pillar type C) after the age of 8 years.’

Late-presenting cases form around 20% of all cases of LCPD.? Generally, they
have poor outcomes. Several factors have been postulated to play a role in this
result. These include short time remaining for growth and remodeling and advanced
stage of head involvement upon presentation with rapid passage of earlier stages
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Table | Herring’s Lateral Pillar Classification System

Group A No involvement of the lateral pillar
Group B > 50% of the lateral pillar height maintained
Group C < 50% of the lateral pillar height maintained

(such as the necrosis stage), in addition to the decreased
elasticity of the acetabulum.*”’

Herring et al® classified LCPD into three groups based
on the height of the lateral pillar which is the lateral
15-30% of the femoral head width, in the fragmentation
stage of the disease as seen on an anteroposterior radio-
graphic view (Table 1). In this classification Several pub-
lications have demonstrated better clinical outcomes with
surgical intervention for groups B and B/C after the age of
8 years.”'? Several surgical procedures have addressed
patients with the advanced stage of the disease; these
include femoral and pelvic osteotomies.'' Both procedures
change the anatomy of the hip joint, which may hinder
future joint arthroplasty. The challenge of treating LCPD
is to prevent degenerative arthritis by preserving the sphe-
rical shape of the femoral head.'

The initial goals of treatment of LCPD are containment
of the femoral head within the acetabulum, pain relief,
improvement in the range of motion of the hip joint and
arrest of femoral head collapse.>'® Arthrodiastasis was
introduced several years ago as an alternative procedure
for severe forms of LCPD, as it provides mechanical protec-
tion and biological value to the femoral head.'*'® Different
types of external fixators have been wused in
arthrodiastasis.'> 7 Permission of the joint motion through
using an articulating device during arthrodiastasis allows
synovial circulation and cartilage nourishment to occur,
which further promotes healing of the necrotic head.'®
A paucity of data is available in literature that encourages
the use of arthrodiastasis in the treatment of LCPD."”

Soft tissue release has been performed in multiple
arthrodiastasis procedures.®”'*'* In this study, we aim to
present our initial clinical and radiological results of radi-
ological results of arthrodiastasis in LCPD presenting at an
advanced stage by using a hinged monolateral external

fixator without soft tissue release.

Patients and Methods

Patient Selection
We conducted a retrospective review of the medical charts
of patients with LCPD who were treated in our hospital by

articulated arthrodiastasis of the hip joint between 2013
and 2017. This review identified six patients who fulfilled
the following inclusion criteria and were enrolled in our
study.

1. Patients with LCPD who had Herring lateral pillar
classification types B or C

2. Age 7 years or older at presentation

3. Variable degrees of limitation of hip joint range of
motion and pain

4. Did not received any previous treatment for their
condition

5. Follow-up of at least 3 years

Patients who were younger than 7 years at presentation
regardless of their lateral pillar classification type, patients
with lateral pillar type A, and patients with femoral head
necrosis from other well-known causes were excluded
from this review.

The study protocol was approved by the Institutional
Review Board (IRB) of Jordan University hospital (JUH)
with approval reference number 67/2020/266. The study
was performed in accordance with the principles of the
Declaration of Helsinki. Informed consent was signed by
all parents of the participating children before the start of
the study. The parents were debriefed about the purpose of
the study. They were informed that the participation was
voluntary, and they may withdraw at any time. None of
them received anything in return for their participation.

Outcome Measures
The index procedure included application of a monolateral
external fixator without soft tissue release to all patients
who fulfilled the abovementioned criteria. Age of the
patient at presentation, gender, radiological stage of the
disease based on the Herring classification, staging accord-
ing to the Waldenstrom classification, and duration of
external fixator application were collected and analyzed.

Clinically, the numeric rating scale has been used to
assess pain severity (NRS);*" range of motion of the
involved hip in flexion, abduction and internal rotation;
and any complication, including development of ipsilateral
knee stiffness, infection and mechanical failure of the
device whether it happened intraoperatively, postopera-
tively or during the follow-up period were carried out
and analyzed.

Radiologically, two anteroposterior (AP) and axial hip
X-ray views were taken preoperatively. Then, AP X-ray
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views in the immediate postoperative period and weekly dur-
ing the distraction period were performed. At the last follow-
up, two views of the hip were taken that were similar to the
preoperative radiographs. Improvement was assessed by eval-
uating sphericity deviation score,?' epiphyseal index, which is
defined by the height of the epiphysis from the physis to the
highest point of the epiphyseal surface contour divided by the
width of the epiphysis,* and cervical index that is defined by
diameter of the neck divided by it is length. Higher ratios
indicate progressive shortening of the neck. Stulberg grading
was not applicable due to the skeletal immaturity of the
patients.

Operative Procedure

All children were operated on in a supine position under
general anesthesia. A k-wire was used to identify axis of
rotation of the hip joint under image intensifier. The k wire
was inserted through a hole in the hinge of the external
fixator toward the predetermined axis of rotation. Three
schanz screws (Smm) were inserted in the supra-acetabular
area. Another 3 schanz screws of the same size were
inserted distally in the femur shaft. After completion of
the device application, the range of motion of the hip joint
was examined to ensure that no impairment of the hip’s
motion due to the device position.

Postoperative Protocol
All started
postoperative day 1. With the hinged device, hip joint’s

patients physiotherapy  programs  on
range of motion exercises in flexion-extension were performed
gradually. At the same time, preservation of the ipsilateral
knee range of motion was monitored carefully. Patients were
starting partial weight bearing exercises same first day post-
operative using crutches. Distraction started also on

postoperative day 1 at a range of 0.5 mm 4 times per day.

Table 2 Details of the Patients

They were discharged postoperative day 2 after their pain has
decreased and their parents were well educated about home
exercises and pin tract care. Patients were re-evaluated one
week later in outpatient clinic. During home stay, distraction
was continued until the next clinic visit or stopped when the
patient experienced pain that could not be resolved by analge-
sia. Once the aim of distraction has been achieved, no further
distraction was done, and the device was held in position for
an average of 3.1 months until reossification of the lateral
pillar reappeared and then removed. Patients were followed
biweekly in the clinic after stopping the distraction for the first
month, then monthly until the device was removed. All
devices were removed in the day care unit under general
anaesthesia and manipulation for the hips were done after
device removal. Patients were trained to increase weight bear-
ing after device removal to achieve full weight bearing in 46
weeks after removal.

Results

A total of six male patients were included in this study, with
a mean age of onset of symptoms of 8.5 years (range 7-10
years). The mean follow-up period was 46 months (range
40-50 months). In all, five cases were Herring C and one
case was Herring B at presentation. Distraction was started
on the first postoperative day at a rate of 2 mm/day, aiming for
overcorrection of the Shenton line by around 5 mm or when
pain prevents further distraction. The average duration of
distraction was 8 days (range 7-9 days). The average duration
of external fixator application was 3.1 months (range 2.5-3.5
months) (Table 2).

Postoperatively, all patients (100%) had significant
improvement in the range of motion of the hip joint in flexion,
abduction and internal rotation compared to preoperatively.
Preoperatively, all patients complained of constant pain, neces-
sitating regular use of analgesics, and had clinically evident

Case | Gender | Age at the Classification Duration of Duration of Ex. Fix. Follow-up

Onset of Distraction (days) | Application (months) Period (months)
Waldenstrom | Herring

Symptoms
(years)

| Male 10 Fragmentation C 9 3 50

2 Male Avascular C 8 3 48

3 Male 7 Fragmentation C 7 35 48

4 Male 10 Fragmentation C 8 2.5 46

5 Male 7 Fragmentation C 7 3.5 44

6 Male 8 Fragmentation B 9 3 40

Av. 85 8 3.1 46

Abbreviations: Av., average; Ex., External; Fix., fixator.
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Table 3 Clinical Data and Outcomes of the Patients

Case Pain (NRS) Limping Range of motion
Flexion Internal Rotation Abduction
Pre Final FU Pre Final FU Pre Final FU Pre Final FU Pre Final FU

| 7 | Ve+ Ve+ 40 100 10 65 15 30
2 7 0 Ve+ Ve- 45 110 15 60 10 40
3 6 | Ve+ Ve- 40 100 20 55 5 35
4 8 0 Ve+ Ve- 50 100 15 55 10 30
5 8 0 Ve+ Ve- 50 115 20 60 15 35
6 6 0 Ve+ Ve- 60 120 15 55 10 40
Av. 7 0.3 47.5 107.5 15.8 58.3 10.83 35

Abbreviations: NRS, Numerical Rating Scale; Pre, preoperative; FU, follow-up; +ve, positive; -ve, negative.

limping. At last follow-up, all of them reported improvement
in their pain score and five of six patients (83.3%) had an
improvement in limping (Table 3).

The average sphericity deviation score at the final
follow up was 10.6. The mean epiphyseal index was
improved from 19.3% preoperatively to 23.8% postopera-
tively at the final follow-up. In addition to that, the mean
cervical index was also improved from 99.7% preopera-
tively to 89.7% postoperatively (Table 4).

Pin tract infection occurred in two cases. One case
improved with oral antibiotics and dressing. The second case
received intravenous antibiotic with removal of the external
fixator 2 weeks earlier than the other. No postoperative
femoral fractures, pin loosening, mechanical failure of fixator,
chondrodiastasis, or hip subluxation was seen in this group of
patients.

Case Histories
Case |

A 10-year-old male patient with Legg—Calve—Perthes dis-
ease of the left hip presented with progressive pain in the

Table 4 Radiological Outcomes

Case | Sphericity Epiphyseal Cervical index
Deviation Score | Index (%) (%)
Pre | Final FU | Pre Final FU

| 848 14 16 135.6 | 129

2 10.4 21 25 91.4 733

3 9.1 20 27 86.1 72.6

4 12 I5 17 1153 | 101.2

5 1.6 17 25 81.4 93.9

6 12 29 33 88.6 68.5

Av. 10.6 193 | 238 99.73 | 89.75

Abbreviations: Pre, preoperative; FU, follow-up.

left hip of 6 months duration. The pain was exacerbated by
daily life activity. Physical examination showed positive
antalgic gait. Range of motion of the hip joint was limited,
particularly flexion, abduction, and internal rotation. Plain
radiographs showed lateral pillar type C.

He had an external fixator for 3 months. His Hip pain was
improved from 7 to 1 point on the NRS at the final follow up.
Moreover, the involved hip joint’s range of motion in flexion,
internal rotation, and abduction was also improved compared
with the preoperative values. On the radiological evaluation,
the sphericity deviation score, epiphyseal index, and the
cervical index were all improved at the final follow up
(Tables 2-4).

Case 2

A 9-year-old-male child with Legg—Calve—Perthes disease of
the right hip presented with right sided hip pain and antalgic
gait of 4 months duration. The pain led restriction of daily life
activities. There were no associated constitutional symptoms.
He had a painful limited range of motion of his hip on
physical examination. Plain radiographs showed lateral pillar
type C. The patient underwent same index procedure. The
external fixation device was maintained for 3 months. No
intraoperative complications were encountered.
Postoperative protocol was followed smoothly. The post-
operative course was uneventful. After removal of the exter-
nal fixator, the patient showed improvement in the pain score
and had a mild Trendelenburg gait. He had also improved
range of motion of the involved hip joint. Radiologically, all
scores that were tested, were improved at the final follow up.

(Tables 2-4) Figures 1 and 2.

Case 3
A 7- year-old-male child with Legg—Calve—Perthes dis-
ease of the right hip. He presented with moderate right-

submit your manuscript

1120

Dove

Therapeutics and Clinical Risk Management 2020:16


http://www.dovepress.com
http://www.dovepress.com

Dove

Samarah et al

sided hip pain and antalgic gait of 3 months duration.
The pain led to restriction of daily life activities. There
were no associated constitutional symptoms. A painful
limited range of motion of his hip was clear on exam-
ination. The knee exam was normal. Plain radiographs
showed lateral pillar type C. The patient underwent
same index procedure, where the external fixator kept
for 3.5 months. No intraoperative complications were
observed.  Postoperative protocol was followed
smoothly. At the final follow up, he showed improve-
ment in all physical and radiological parameters.

(Tables 2-4)

Case 4
A 10-year-old- child with left hip Legg—Calve—Perthes
disease. He presented with pain in the left hip of 2 months

duration. It was increasing progressively that badly
affected his daily life activities. Oral analgesics improved
the pain temporarily. He showed antalgic gait on physical
examination. In addition to that, limited hip motion, parti-
cularly flexion, abduction, and internal rotation. Pelvis
X-ray showed lateral pillar type C. The patient underwent
same index procedure. His external device was removed
after 2.5 months of application. He followed the same
postoperative protocol. Two months postoperatively, the
patient developed pin tract infection involving mainly the
supraacetabular screw group. He was managed with
empirical oral antibiotics but did not respond well.
A decision was made to remove the fixator and to debride
the wound tracts and to keep him on intravenous antibio-
tics. Five days after fixator removal, he showed clinical
improvement and discharged. Postoperative protocol was

Figure 2 (A) Anteroposterior and (B) Lateral views of patient No. 2, 48 months postoperative showing remodeling of the femoral head.
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followed then smoothly. All physical and radiological
parameters had been improved at the final follow up.
(Tables 2-4)

Case 5

A 7-year-old-male child with Legg—Calve—Perthes disease
of the left hip. He presented with complaint of pain in the
left hip of 1-month duration. The pain was severe that
restricted the child activity. It was associated with limping
that forced him to use crutches. The patient received oral
analgesics to relieve the pain with partial response. No
fever or constitutional symptoms were observed.

On physical examination, flexion, abduction, and inter-
nal rotation of the hip joint were limited. Pelvis radio-
graphs showed lateral pillar type C. The patient underwent
same index procedure, where the external fixator was
applied for 3.5 months. Postoperative protocol was fol-
lowed smoothly. At the final follow up, he showed
improvement in all physical and radiological parameters.
(Tables 2-4)

Case 6

An 8-year-old-male child with Legg—Calve—Perthes dis-
ease of the left hip. He had a history of left sided hip
pain of moderate severity and antalgic gait of 2 months
duration. The pain restricted his sport-related activity.
There were no associated constitutional symptoms. He
had a painful limited range of motion of his hip on phy-
sical examination. Plain radiographs showed lateral pillar
type B. The patient underwent same index procedure.
Time of external fixator application was 3 months. No
intra-or postoperative complications were encountered.
Postoperative protocol was followed smoothly. At the
final follow up, he had improved range of motion of the
involved hip joint. Radiologically, all scores that were
tested, were also improved. (Tables 2-4)

Discussion

Treatment of LCPD has received no consensus in the
literature.”** Sequelae of advanced LCPD can lead to
joint incongruity and flattening of the femoral head. This

results in early degenerative arthritis***>

and a painful,
stiff hip. The collapse of the femoral head occurs mostly
during the stages of necrosis and fragmentation."® Several
surgical procedures have been offered but no treatment has
been shown convincingly to be significantly effective in
improving the outcome of Perthes’ disease or of influen-

cing its course.’

Osman et al> showed, in their retrospective review,
poor outcomes of treatment in LCPD with increasing
age. Contrary to this, hip distraction has been shown to
be valuable in certain cases of LCPD that have poor
outcomes.'®°

The concept of arthrodiastasis was introduced by
Aldegheri in 1981.%° Joint distraction aims to neutralize
the forces of weight bearing and muscles around the joint,
as well as to promote creeping substitution.?”-*® The role of
arthrodiastasis in LCPD has been evaluated in several stu-
dies. Most of these studies*'*'’

release during the index procedure. They all observed an

performed soft tissue

improvement of the range of motion in the hip joint. They
concluded that arthrodiastasis with soft tissue release is
a valid method of treatment for LCPD compared to conven-
tional treatment methods. Our present study showed
improvement of the range of motion in the hip joint after
arthrodiastasis without soft tissue release for an average of 8
days distraction (range 7-9 days) and an average total time
of external fixator application of 3.1 months (range 2.5-3.5
months). This good outcome is comparable to other pre-
viously published data although they utilized longer time of
device application.”!” Hosny et al'® did not believe in the
theoretical advantage of soft tissue release and joint motion
during distraction in LCPD as this has not proven clinically.
The resulting pain at the site of the release might prevent
these patients from having early mobilization of the joint
during distraction. This theory might be supported by the
concept of intra-articular and/or extra-articular osseous
impingement as a cause of this limitation, as suggested by
Tannast et al.?’ The improvement in the shape of the
femoral head and remodeling that occurred during follow-
up after hip joint distraction might decrease this impinge-
ment and improve the range of motion in the hip joint.

Pain and Trendelenburg limping were present in all
patients in our series preoperatively. Both were improved
at the final follow-up. Similar results have been published
by several studies.*!” Laklouk et al'” pointed to the addi-
tive effect of length gain after distraction, which helps in
improving the limping in these patients.

Hip joint stiffness may result from distraction without
mobilization. Our patients showed improvement in hip
joint flexion by an average of 60 degrees. Using an articu-
lated fixator allowed the patients to mobilize their joint
early during distraction. Improvement in hip flexion has

130

been reported by Seveg et al”" utilizing soft tissue release

in their operations.
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Superficial pin tract infection has been shown to be
the most common complication after arthrodiastasis, as
demonstrated by the systemic review that was carried out
by Ibrahim et al.'” Fortunately, these infections were
healed with dressing and parenteral antibiotics. Deep
severe infections were rare and usually treated by intra-
venous antibiotics. Occasionally, they might require pre-
mature removal of the fixator. Two patients in our study
developed infection. One was superficial and resolved
uneventfully with oral antibiotics, and the second neces-
sitated premature removal of the external fixator 2 weeks
earlier than the rest of the patients. Femoral fractures,
mechanical failure of the fixator, chondrodiastasis and
hip subluxation were not observed in this series.
Meticulous application of the device with proper clinical
determination of center of rotation of the hip decreases
mechanical stress on the device and subsequently its
failure. This complication has been observed in one
study,”” where the device failed at the level of the
hinge and another at the hinge-T-clamp coupling.

Radiologically, the remodeling process that occurred in
the femoral head of patients in the present study after
arthrodiastasis resulted in an improvement in both, the
epiphyseal index and the cervical index (Table 4). The
SDS at the final follow up was 10.6. This might also
indicate a good outcome. Shah et al*' showed in their
study that the risk of having Stulberg types III, IV or
V at skeletal maturity was associated with SDS of more
than 20. Waiting for the time of growth remaining with
further improvement might result in significant changes
with time. These radiological changes can be correlated
with the clinical improvement seen during the follow-up of
our patients.

This study has limitations. Of these, small sample size
can be related to the rarity of this approach in this group of
patients. Another limitation is the short follow-up period.
Long-term follow-up until maturity, in addition to compar-
ison with other surgical approaches for both the same age
and pathological classification of patients, might be con-
sidered as future needs to better clarify the benefits.

Conclusions

In short-term follow-up, Arthrodiastasis with a hinged
monolateral external fixator without soft tissue release
improved both the clinical and radiological outcomes in
this group of patients.

Disclosure
The authors report no conflicts of interest in this work.
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