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Purpose: The purpose of this study was to evaluate the distribution of lower limb alignment
in Crowe IV developmental dysplasia of the hip (DDH) before and after total hip arthroplasty
(THA).

Patients and Methods: We retrospectively included 64 Crowe IV DDH patients (87 hips)
who underwent THA between February 2010 and May 2019. Radiographic parameters were
measured on full limb length standing anteroposterior radiographs, including hip-knee-ankle
angle (HKA), mechanical lateral distal femoral angle (mLDFA), mechanical medial proximal
tibial angle (mMPTA), anatomical lateral distal femoral angle (aLDFA), and anatomical
tibiofemoral angle (aTFA).

Results: HKA improved from 176.54°+3.52° preoperatively to 179.45°+4.31° at the last
followup (P<0.001). According to the preoperative HKA, 40 hips were defined as knee
valgus alignment. The majority of them were characteristic of a valgus mLDFA and a valgus
or neutral mMMPTA (35%, 47.5%). After THA, there were still 22 hips defined as knee valgus
alignment. More than 50% of them were characteristic of a valgus mLDFA and a neutral
mMPTA. Five hips (22.7%) revealed valgus alignment in both mLDFA and mMPTA.
Twenty-one hips (24.1%) remained knee valgus alignment before and after surgery. One
hip, defined as neutral alignment, preoperatively turned into valgus alignment after surgery.
Conclusion: Both preoperative and postoperative sources of valgus alignment were mainly
from the femoral side among Crowe IV DDH patients. THA mainly played a positive role in
the reconstruction of lower limb alignment in these patients.

Keywords: total hip arthroplasty, Crowe IV, developmental dysplasia of the hip, knee
alignment

Introduction
Total hip arthroplasty (THA) is an efficient treatment option for adult patients with
osteoarthritis secondary to Crowe IV developmental dysplasia of the hip (DDH).!
Favorable results have been reported in many studies regarding these complicated
cases after THA.” > However, there remained some patients complaining about the
knee valgus deformity.® Compared with limb length discrepancy (LLD) after THA,
knee valgus deformity was less concerned by researchers. The emerging role of
knee valgus deformity might potentially result in patient’s dissatisfaction
after THA.

It should be noted that knee valgus alignment naturally exists in some of these
patients before surgery. Developmental changes have been observed in their knees on
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the ipsilateral side, such as hypoplasia of lateral femoral
condyle and relative valgus tibial plateau, which all contri-
bute to overall knee valgus alignment.”® Apart from the
anatomical abnormalities of native knee, limb lengthening
after THA was also supposed to be a reason for deterioration
of knee valgus alignment. Kilicarslan et al prospectively
evaluated 30 hips of 22 Crowe III/IV patients who had
normal knees. In the early postoperative period, genu val-
gum was observed in all knees on the operated side. The
Q angle increased by an average of 4.4°. They attributed
those pathological changes to the strain in the iliotibial tract,
which resulted from limb lengthening after reducing the hip
center to the anatomical position.®'°

On the contrary, there were also some studies showing
the positive effect of THA on coronal alignment of the
lower limb in those patients. Kocabiyik et al reviewed the
full-length lower limb radiographs of 25 Crowe IV
patients. At the 1-year after THA, they found that mod-
ification of femoral offset and reconstruction of hip joint
anatomy led to neutralization of knee valgus alignment.''
Moreover, Zhao et al evaluated the coronal alignment of
the lower limb in 50 patients with Crowe IV DDH before
surgery, immediately after surgery, and two years later. By
implantation of the acetabular cup at the level of anatomic
hip center, they found that coronal alignment of the oper-
ated limb was immediately altered, and valgus inclination
was significantly reduced. And the knee alignment did not
change significantly after 2-year followup.'> However, we
supposed that the actual alignment of some patients might
be masked by the overall improvement of alignment-
related radiographic parameters. Until now, there have
been no studies focusing on the distribution of the coronal
alignment of the lower limb in these patients, both pre-
operatively and postoperatively.

Therefore, the purpose of this study was to evaluate the
distribution of knee alignment in Crowe IV DDH patients
both preoperatively and postoperatively. We also tried to
answer the following questions: 1) what is the main source
of knee valgus alignment before and after THA, femoral
side, tibial side or both? 2) would THA have a positive or
negative effect on the knee alignment?

Patients and Methods

Patients

After the approval of our institutional review board, we
retrospectively reviewed the Crowe IV DDH patients who
underwent THA between February 2010 and May 2019 by

one senior surgeon in our hospital. The inclusion criteria
were as follows: patients with Crowe IV DDH on at least
one side; patients who had a full limb length standing ante-
roposterior (AP) radiograph both preoperatively and at least
1 year postoperatively. Exclusion criteria contained: patients
with angulated extra-articular deformities on the femoral or
tibial side; patients with radiographic evidence of cartilage
abrasion in either knee; nonstandard radiographs which can-
not be measured due to improper flexion or rotation of the
knee. Finally, a total of 64 patients (87 hips) were included in
the study. Demographics and clinical information including
age, gender, weight, height, and surgical manipulations were
collected from our electronic medical records.

Surgical Procedure

All operations were performed by one senior surgeon under
general anesthesia in the lateral decubitus position through
a posterolateral approach. The detailed surgical procedure
was almost the same as previously described in the
literatures.'*'* All acetabular cups were implanted at the
anatomical position. No bone grafts were used to increase
the cup coverage. On the femoral side, an identical modular
femoral stem (S-ROM, DePuy, Warsaw, Indiana) was used.
After preparation of the femoral canal, we tried to reduce
the femoral head with constant and vigorous traction. If hip
reduction cannot be done, the distance between the cup
center and femoral head center was recorded, and the deci-
sion on femoral shortening was made. We performed
a subtrochanteric osteotomy at the site of approximately
1-2 cm beneath the lesser trochanter by resection of
a length of femur based on the distance we recorded before,
leaving a scope of 1-1.5 cm with surgeon’s discretion. Soft
tissue release included joint capsulectomy, gluteal sling
release, iliopsoas tenotomy, and percutaneous partial adduc-
tor tenotomy if needed. Impingement-free range of motion
was tested in three positions: 90° hip flexion, 45° hip
internal rotation, and excessive hip extension. LLD was
assessed with reference to the inferior point of bilateral
patella. Mild LLD and joint laxity could be compensated
by means of the modifications of head/neck length, offset,
and stem depth in femur. Postoperatively, patient’s hip and
knee were maintained in flexion for several days to relax the
sciatic nerve and reduce tension of soft tissue.

Radiographic Measurement

All full limb length standing AP radiographs were obtained
using a standard protocol using GE Definium 6000 digital
radiography (DR) system (GE Healthcare, USA)."> The
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requirements for standing posture during filming were as
follows: stand facing the X-ray tube with the tibial tubercle
pointing anteriorly; keep their legs straight and full weight-
bearing; allowed tiptoeing if needed but not to place wooden
blocks under the short limb to make pelvis level. The radio-
graphs were viewed and measured on the PACS software in
hospital (Medcare, Qingdao, China).

There were five radiographic parameters measured in
each affected limb before surgery and/or after surgery,
including hip-knee-ankle angle (HKA), mechanical lateral
distal femoral angle (mLDFA), mechanical medial proximal
tibial angle (mMPTA), anatomical lateral distal femoral
angle (aLDFA), and anatomical tibiofemoral angle (aTFA)
(Figure 1). The measurement methods of these radiographic
parameters were by reference to previous studies.”'®!” HKA
is defined as the lateral angle between the mechanical axis of
the femur and the tibia. mLDFA is defined as the lateral angle
between the joint line of the distal femur and the femoral
mechanical axis. mMPTA is defined as the medial angle
between the joint line of the tibial plateau and the tibial
mechanical axis. aLDFA is defined as the lateral angle
between the joint line of distal femur and the femoral anato-
mical axis. aTFA is defined as the lateral angle between the
anatomical axis of femur and tibia. The scales of these para-
meters (applied for defining valgus, neutral, and varus align-
ment) were based on the values used in previous literatures
and shown in Table 1.>'” Finally, we defined the knee align-
ment according to the HKA angle.

In order to assess the inter-observer variability and intra-
observer reliability, measurement was performed twice by
two trained arthroplasty surgeons independently in random
order with an interval of at least 1 month. Before initiation of
the measurement, two observers reached an agreement on
criteria for radiographic measurement and all identifying
information was removed. Assessment of inter- and intra-
observer consistency was determined by the intra-class cor-
relation coefficient (ICC). Agreement was graded as slight (0
to 0.2), fair (0.21 to 0.40), moderate (0.41 to 0.60), substan-
tial (0.61 to 0.80) or almost perfect (0.81 to 1.0)."®

Statistical Analysis

Categorical variables were presented as frequencies, and con-
tinuous variables as means and standard deviation. Categorical
variables were compared using Chi-square test. Paired ¢ test
was used to compare the preoperative and postoperative radio-
graphic parameters. All statistical analyses were performed
using SPSS version 26.0 (IBM Inc., Armonk, New York).
P < 0.05 was considered statistically significant.

Figure | The diagram shows the methods of radiographic measurement.
Abbreviations: HKA, hip-knee-ankle angle; aTFA, anatomical tibiofemoral angle;
mLDFA, mechanical lateral distal femoral angle; mMPTA, mechanical medial prox-
imal tibial angle; aLDFA, anatomical lateral distal femoral angle.

Results

Demographic and clinical data are shown in Table 2. The
results of radiographic measurements showed nearly per-
fect reliability of intra- and inter-observer agreements
(ICC > 0.81). Overall, HKA improved from 176.54°

Table | The Scales of Radiographic Parameters Applied for
Defining Valgus, Neutral, and Varus Alignment

Parameter Valgus Neutral Varus
HKA < 177.0° 177.0°-183.0° > 183.0°
mLDFA < 85.0° 85.0°-90.0° >90.0°
mMPTA >90.0° 85.0°-90.0° < 85.0°
aLDFA <79.0° 79.0°-83.0° > 83.0°
aTFA < 170.0° 170.0°-175.0° > 175.0°

Abbreviations: HKA, hip-knee-ankle angle; mLDFA, mechanical lateral distal
femoral angle; mMMPTA, mechanical medial proximal tibial angle; aLDFA, anatomical
lateral distal femoral angle; aTFA, anatomical tibiofemoral angle.
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Table 2 Demographic and Clinical Data of Patients

Characteristic Value
Sex, n (%)

Male 4 (6)
Female 60 (94)
Age (years) (mean+SD) 40.03+11.21
Height (m) (mean+SD) 1.59+0.12
Weight (kg) (mean+SD) 55.09+9.45
BMI (kg/m?) (mean£SD) 21.94+3.49
Side, n (%)

Unilateral 41 (64)
Bilateral 23 (36)
Subtrochanteric shortening osteotomy, n (%)

Yes 61 (70)
No 26 (30)
Followup duration (months) (range) 12-108

Abbreviations: BMI, body mass index; SD, standard deviation.

+3.52° preoperatively to 179.45°+4.31° at the last fol-
lowup (P<0.001). Considering solely the femoral side,
mLDFA increased from 83.25°+3.08° to 85.89°+3.66°
(P<0.001). From the perspective of aTFA, after surgery,
its value increased from 170.87°+14.64° to 174.82°+4.27°
(P<0.001).

The distribution of radiographic parameters before sur-
gery is shown in Figure 2. Obviously, mLDFA and aLDFA
of most limbs are defined as valgus alignment (48.3%,
63.2%). Besides, 32.2% of mMPTA are defined as valgus
alignment. After THA, the distribution of radiographic

parameters related to surgery changed and is shown in
Figure 3. It could be seen that the proportion of radio-
graphic parameters defined as valgus alignment decreased,
and meanwhile the proportion of the ones defined as
neutral and varus alignment increased.

According to the preoperative HKA, 40 hips were
defined as knee valgus alignment. The source of preo-
perative valgus alignment among these 40 hips is dis-
played in Table 3. The majority of them were
characteristic of a valgus mLDFA and a valgus or neutral
mMPTA (35%, 47.5%). After THA, there were still 22
hips defined as knee valgus alignment. The source of
postoperative valgus alignment among these 22 hips is
displayed in Table 4. More than 50% of them were
characteristic of a valgus mLDFA and a neutral
mMPTA. Five hips (22.7%) revealed valgus alignment
in both mLDFA and mMPTA.

After THA, the transition of knee alignment is shown
in Table 5 and Figure 4. Twenty-one hips (24.1%)
remained knee valgus alignment before and after surgery.
One hip, defined as neutral alignment, preoperatively
turned into valgus alignment after surgery. Besides, 17
hips (19.6%) with knee valgus alignment were corrected
for neutral alignment (Figure 5) and even 2 hips (2.3%) to
varus alignment. After THA, 50 hips were defined as
neutral alignment. Interestingly, 15 hips (17.2%) were
defined as knee varus alignment postoperatively, which
came from 2 valgus alignment, 12 neutral alignment, and

1 varus alignment before surgery (Figure 6).

ara | |
; | L m valgus
mveTA - |
' - " M neutral
W varus
He [
0% 20% 40% 60% 80% 100%

Figure 2 The distribution of preoperative radiographic parameters which are related to lower limb alignment.
Abbreviations: HKA, hip-knee-ankle angle; mLDFA, mechanical lateral distal femoral angle; mMPTA, mechanical medial proximal tibial angle; aTFA, anatomical tibiofemoral

angle; aLDFA, anatomical lateral distal femoral angle.
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Figure 3 The distribution of postoperative radiographic parameters which are related to lower limb alignment.
Abbreviations: HKA, hip-knee-ankle angle; mLDFA, mechanical lateral distal femoral angle; aTFA, anatomical tibiofemoral angle.

Discussion
In recent years, the knee valgus alignment among Crowe

IV DDH patients either before surgery or after surgery

has been given more and more attention.”'"'%'!% The

valgus alignment of the lower limb may cause knee
accelerated lateral

pain, degeneration in  the

Table 3 The Source of Valgus Alignment Among the Limbs
Which Was Defined as Knee Valgus Before Surgery

mMPTAT mLDFAT Total
Valgus Neutral Varus

Valgus 14 (35) 3 (7.5) 0 17 (42.5)

Neutral 19 (47.5) I (2.5) 0 20 (50)

Varus 2 (5) 1 (2.5) 0 3 (7.5)

Total 35 (87.5) 5(12.5) 0 40

Note: TData were given as the number of hips with the percentage in parentheses.
Abbreviations: mLDFA, mechanical lateral distal femoral angle; mMMPTA, mechan-
ical medial proximal tibial angle.

Table 4 The Source of Valgus Alignment Among the Limbs
Which Was Defined as Knee Valgus After Surgery

mMPTAT mLDFAT Total
Valgus Neutral Varus

Valgus 5(22.7) 3(13.7) 0 8 (36.4)

Neutral 12 (54.6) I (4.5) 0 13 (59.1)

Varus 1 (4.5) 0 0 | (4.5)

Total 18 (81.8) 4 (18.2) 0 22

Note: TData were given as the number of hips with the percentage in parentheses.
Abbreviations: mLDFA, mechanical lateral distal femoral angle; mMMPTA, mechan-
ical medial proximal tibial angle.

compartment, soft tissue imbalance, and abnormal gait,
all of which contribute to the postoperative dissatisfac-
tion among these patients.®?° In this study, a detailed
profile of knee alignment among Crowe IV DDH
patients before and after THA was presented. Overall,
an evident improvement in knee alignment was observed
after THA, either in the aspect of actual distribution or
considering the mean values of radiographic parameters.
Furthermore, based on the transition of alignment after
surgery, it seems that THA mainly plays a positive role
in the reconstruction of lower limb alignment among
Crowe IV DDH patients. Both preoperative and post-
operative sources of valgus alignment were mainly from
the femoral side. These findings revealed clinical sig-
nificance for arthroplasty surgeons to make surgical
plans and to set reasonable expectations for Crowe IV
DDH patients.

Table 5 HKA Value of Each Group of Lower Limb Alignment
Before and After Surgery

Group HKA (MeantSD, Range)
Before Surgery After Surgery

Valgus 172.70°£2.22° (166.42°- 174.01°+2.83° (168.81°-
174.52°) 176.87)

Neutral | 178.87°+1.38° (177.29°- 179.56°+1.80° (177.05°-
182.85°) 182.44°)

Varus 183.44° 186.02°+2.41° (183.53°-

191.96°)

Abbreviations: HKA, hip-knee-ankle angle; SD, standard deviation.
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1.1%

varus

17.2%

B neutral

W valgus

Before surgery After surgery

Figure 4 A Sankey diagram showing the transitions of lower limb alignment before
and after surgery. The width of grey line visually represented the number of limbs in
different transitions.

Figure 5 The full limb length X-ray shows that a 43-year-old woman have
a transition of lower limb alignment from valgus to neutral after THA. (A)
Preoperative X-ray. (B) Postoperative X-ray.

As for the first question, it could be seen that the
main source of knee valgus alignment was from the
femoral side. This conclusion was in agreement with
that of Zhang et al.'> According to the morphological

HKA:187.74°

HKA:181.94%

Figure 6 The full limb length X-ray shows that a 35-year-old woman have
a transition of lower limb alignment from neutral to varus after THA. (A)
Preoperative X-ray. (B) Postoperative X-ray.

study of knee joint among Crowe IV DDH patients, the
medial femoral condyle generally becomes larger verti-

cally, while the
17,8

lateral condyle remains relatively
smal Apart from the commonly greater lateral incli-
nation of the femur, a tibial plateau was also found in
valgus among some patients.””* However, in our study,
knee valgus alignment solely resulting from greater
mMPTA was uncommon both before and after surgery.
More often, the valgus tibial plateau exerted an auxiliary
effect on knee valgus alignment. Therefore, the recon-
struction of mLDFA is especially important. Benefitting
from the modularity of the femoral stem used in this
study, we were adequate to adjust the femoral antever-
sion and femoral offset, which optimized the limb align-
ment on coronal plane. With respect to those cases with
especially small mLDFA, a subsequent distal femoral
varus osteotomy may be an inevitable option for
them.*'*?

On the second question, results of current literatures
were more controversial. Represented by Kilicarslan et al,
they supposed that genu valgum developed among Crowe
III/IV DDH patients due to limb lengthening, which was
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unavoidable when implanting the cup component at the
anatomical position.® On the other, both the results of
Kocabiyik et al and Zhao et al showed a significant
improvement in HKA angle after surgery for Crowe IV
DDH patients, indicating the positive role of THA.'"'?
However, they drew the conclusion based on the overall
HKA angle, not the actual distribution of knee alignment.
The results of our study just made up for their shortcom-
ings. According to the distribution of HKA, we observed
nearly a half reduction of knee valgus alignment after
THA. We further assessed the change in knee alignment
distribution before and after surgery (Figure 4).
Approximately half of those hips defined as valgus align-
ment preoperatively turned into neutral or varus alignment
after THA. Only 1 hip defined as non-valgus alignment
preoperatively turned into valgus alignment after THA.
This indirectly reflected the positive effect of THA on
knee alignment in Crowe IV DDH patients. It is worth
noting that our results could not rule out the possibility of
genu valgum development due to limb lengthening in the
early postoperative period.?’ Different from the results of
Kilicarslan et al, we only found 1 normal knee developing
genu valgum, not like their total 30 knees.® We supposed
that the longer followup time (> 1 year) could partly
explain the enormous difference. The strain on the ilioti-
bial tract might gradually diminish with the progression of
rehabilitation exercise.”>**

In addition to the improvement of knee alignment bene-
fitted by THA, we should also concerned about the remain-
ing non-neutral knee alignment after surgery. As previously
mentioned, nearly half of valgus knees preoperatively
remained unchanged after THA, with the postoperative
HKA angle ranged from 168.81° to 176.87°. Patients who
complained of knee pain in the lateral compartment and had
limping gait due to the genu valgum may be indicated for
distal femoral varus osteotomy.”' Moreover, beyond our
expectation, the proportion of varus alignment increased
from 1.1% 17.2%

However, only 5/15 of these hips had a varus mLDFA

preoperatively to postoperatively.
after surgery. Similar to the theory of “long leg arthropathy”
and “windswept deformity” which were used to describe the
alignment of contralateral knee by Someya et al'® we specu-
lated that knee varus alignment after surgery could be caused
by soft tissue imbalance secondary to LLD and/or pelvic
obliquity. Further study should be performed to explore the
contributing factor to abnormal knee alignment.

First,
a retrospective study with its intrinsic bias. However, the

Our study has some limitations. this is

data we acquired were mainly from objective radiographs,

with no recall bias. Secondly, our cohort is not
a consecutive case series due to data integrity, and there-
fore selection bias may not be avoidable. However, our
study appears to be the largest study so far focusing on the
distribution of knee alignment among these patients both
before and after THA. Thirdly, the followup time is vari-
able. However, we suppose that a minimum of one-year
followup would warrant a constant knee alignment.
Furthermore, a longitudinal and sequential observation of
the knee alignment may be more meaningful. Fourthly,
due to the possible effects of other factors including
LLD, pelvic obliquity, and femoral offset, a multivariate
analysis would be needed to further elucidate the results in
this study. Fifthly, physical examination and clinical scor-
ing would be more useful for a comprehensive evaluation

of knee joint.

Conclusion

Both preoperative and postoperative sources of valgus
alignment were mainly from the femoral side among
Crowe IV DDH patients. Knee alignment of the operated
limb gained significant improvement after THA. Based on
the transition of alignment before and after surgery, THA
played a positive role in the reconstruction of lower limb
alignment in these patients.
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