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Background

Developmental dysplasia of the hip (DDH) Crowe type IV poses significant surgical
challenges during total hip arthroplasty (THA), often necessitating subtrochanteric
shortening osteotomy (SSO) to achieve proper reduction and limb length restoration.
Stable fixation of the osteotomy site is crucial for achieving reliable union and favorable
functional outcomes.

Objective

To evaluate early clinical and radiographic outcomes of stable fixation using a
derotational plate in subtrochanteric osteotomy for Crowe IV DDH.

Methods

A prospective cohort study was conducted on 28 patients (30 hips) with Crowe IV DDH
who underwent THA combined with subtrochanteric osteotomy stabilized by a
derotational plate. Clinical evaluation included the Harris Hip Score (HHS), Oxford Hip
Score (OHS), and Visual Analogue Scale (VAS) for pain, assessed preoperatively and at 12
months postoperatively. Radiographic analysis focused on osteotomy union, implant
stability, and restoration of limb length.

Results

All patients achieved union at the osteotomy site within 6 months, with no cases of
nonunion or implant failure. Mean HHS improved from 38.5 £ 6.2 preoperatively to 89.7 =
4.3 postoperatively (p < 0.001). Mean OHS increased from 17.4 = 3.1 to 41.2 # 2.8 (p <
0.001). VAS scores significantly decreased from 7.8 = 1.0 to 1.6 = 0.7 (p < 0.001).
Complications were minimal, with one intraoperative femoral fissure (3.3%).

Conclusion

Stable fixation with a derotational plate in subtrochanteric osteotomy for Crowe IV DDH
provides reliable union, excellent early functional recovery, and significant pain
reduction at 12 months. These findings support its clinical effectiveness as a fixation
method in complex THA cases.

1. INTRODUCTION 40 years of age.l"3 In its most severe form, Crowe type
IV DDH is characterized by complete dislocation of the
. . . . 4’5
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and chronic hip pain.®® THA in these patients remains
technically demanding due to the need to restore the true
hip center and correct severe femoral deformities while ad-
dressing soft tissue contractures.®13

Historical studies have indicated that, without appro-
priate surgical management, relocating a chronically dis-
located femoral head into the true acetabulum may result
in acute limb lengthening exceeding 4 cm, which signifi-
cantly increases the risk of neurovascular complications —
particularly stretch-induced neuropraxia and sciatic nerve
palsy.14-18 Therefore, to prevent excessive limb lengthen-
ing and facilitate safe reduction of the femoral head into
the true acetabulum, a femoral subtrochanteric shortening
osteotomy (SSO) is frequently indicated in total hip arthro-
plasty for Crowe type IV developmental dysplasia.19-23

SSO can be performed in various configurations (trans-
verse, oblique, chevron, step-cut), with the transverse tech-
nique remaining the most commonly used due to its sim-
plicity and reproducibility, despite offering less rotational
stability and a smaller bone contact surface compared to
other methods such as chevron or step-cut osteotomies,
which provide more favorable conditions for consolidation,
provided stable fixation is achieved.24-28 Ensuring stable
osteotomy fixation is essential for promoting bone union
and enabling early mobilization.16 In the context of THA,
this task is complicated by the presence of a femoral stem
occupying the medullary canal, leaving limited room for ad-
ditional hardware. Cerclage cables, with or without corti-
cal strut grafts,29:30 are often employed due to their techni-
cal simplicity. However, they provide limited resistance to
torsional forces3! and have been reported to be associated
with nonunion rates of up to approximately 5% in recent
studies.32 Plate-and-screw constructs offer superior me-
chanical rigidity, especially when multiple locking screws
are used, and have demonstrated higher union rates.33
Moreover, large or bulky implants not only increase the
risk of soft tissue irritation,33 but may also contribute to
stress shielding at the bone—implant interface, particularly
when there is suboptimal contact or mismatch in mechan-
ical properties between the implant and the surrounding
bone.34 Therefore, the ideal stabilization method must en-
sure sufficient biomechanical support while minimizing
surgical trauma and implant-related complications.

A derotational plate with angular stability has been de-
veloped for fixation during subtrochanteric osteotomy in
patients with Crowe type IV dysplastic coxarthrosis. This
construct provides more uniform load distribution, high
stability, and strength under physiological stresses, sur-
passing traditional fixation methods in these parameters.3>
In addition, it represents a solution adapted to local
anatomical and economic conditions, offering high effi-
ciency at an acceptable cost. However, despite the expand-
ing use of this implant, the scientific literature still lacks
sufficient data on its clinical effectiveness, safety, and prac-
tical applicability. The present study aims to address this
gap by evaluating surgical techniques and early postopera-
tive outcomes in patients with Crowe type IV hip dysplasia
who underwent surgery with the use of a domestically pro-
duced derotational plate over a three-year period.

2. MATERIALS AND METHODS

2.1. STUDY DESIGN AND SETTING

This prospective cohort study was conducted at the Na-
tional Scientific Center of Traumatology and Orthopedics
named after Academician N.D. Batpenov (Astana, Kaza-
khstan), in collaboration with the Department of Trauma-
tology and Orthopedics of Astana Medical University.

2.2. ETHICAL CONSIDERATIONS

All procedures involving human participants were per-
formed in accordance with the ethical standards of the in-
stitutional and national research committees and with the
principles outlined in the Declaration of Helsinki (2013 re-
vision). The study protocol was reviewed and approved by
the Local Ethics Committee for Biomedical Research (pro-
tocol No. 4, November 9, 2022). Written informed consent
was obtained from all patients prior to enrollment. All pa-
tient data were anonymized, and confidentiality was strictly
maintained in compliance with national legal and ethical
standards

2.3. PATIENT SCREENING AND INCLUSION

Between December 2022 and January 2024, a total of 245
patients with symptomatic hip osteoarthritis were screened
for eligibility according to the inclusion criteria. At the
initial stage, all patients underwent standard anteropos-
terior pelvic radiography. In 132 patients, other forms of
coxarthrosis not associated with developmental dysplasia
of the hip (DDH) were identified, and therefore they were
excluded from further analysis. The remaining 113 patients
demonstrated radiographic signs of DDH. Among them, 65
patients were diagnosed with Crowe type I-III dysplasia,
which also did not meet the inclusion criteria. In 48 pa-
tients, Crowe type IV DDH was confirmed, defined as com-
plete proximal displacement of the femoral head by >100%
of the height of the pelvis on the affected side. The diagno-
sis was established according to the original classification
of Crowe et al.3¢ For a detailed assessment of individual
anatomical characteristics and preoperative planning, ad-
ditional standing radiographs of the lower limbs and com-
puted tomography (CT) scans of the pelvic ring with the
proximal femur were performed. These data were used to
analyze femoral canal morphology and to determine the
parameters of individualized osteotomy. Among the 48 pa-
tients with confirmed Crowe type IV dysplasia, 9 declined
participation after receiving complete information regard-
ing the study objectives, protocol, and potential risks. An-
other 11 patients were excluded due to identified medical
contraindications (including acute inflammatory condi-
tions, severe anemia, coagulation disorders), as well as loss
of follow-up contact with the research team. Ultimately, the
final cohort included 28 patients who fully met the eligibil-
ity criteria and provided written informed consent to par-
ticipate in the study.
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Figure 1. Flowchart illustrating the process of patient inclusion.

2.4. IMPLANT DESIGN AND MANUFACTURING

A derotational plate with angular stability was used for os-
teotomy fixation. The implant was designed based on CT
data and anatomical characteristics of patients with Crowe
type IV developmental dysplasia of the hip, allowing the
development of a universal construct. It was manufactured
from medical-grade titanium alloy using computer numeri-
cal control (CNC) milling. The detailed methodology for the
design and fabrication of this construct has been described
in a previously published study.3>

2.5. PREOPERATIVE MANAGEMENT

All patients underwent comprehensive clinical, laboratory,
and radiological evaluation to confirm surgical eligibility
and ensure precise preoperative planning. Radiological as-
sessment included standard anteroposterior pelvic radiog-
raphy, standing radiographs of the lower limbs to analyze
limb length discrepancy and mechanical axis, as well as CT
scans of the pelvis and proximal femur to evaluate individ-
ual anatomical features and plan the osteotomy. Preopera-
tive functional status and symptom severity were assessed
using the Harris Hip Score (HHS), Oxford Hip Score (OHS),
and the Visual Analogue Scale (VAS) for pain. In accordance
with national and international guidelines for the preven-
tion of surgical site infections, all patients received antibi-
otic prophylaxis 30 minutes prior to skin incision.

2.6. SURGICAL TECHNIQUE

All surgeries were performed between December 2022 and
January 2024 by the same experienced surgical team at the
Republican Center for Large Joint Arthroplasty. Patients
were positioned in the lateral decubitus position. A stan-

dard direct lateral (Hardinge) approach was utilized in all
cases. Anesthesia was administered as either combined
spinal-epidural or general anesthesia, depending on the pa-
tient’s preoperative condition and anesthesiologist’s evalu-
ation. Following standard antiseptic preparation, a lateral
skin incision approximately 16 cm in length (range, 15-18
cm) was made over the proximal femur. Layered dissection
of soft tissues was performed to expose the hip joint. A hy-
pertrophied joint capsule was identified, incised, and par-
tially excised. The femoral head was dislocated, and
femoral neck osteotomy was carried out, followed by com-
plete removal of the head. A transverse femoral SSO was
then performed approximately 1 cm distal to the lesser
trochanter. The true acetabulum was sequentially reamed
to the appropriate diameter, most commonly 44 mm. A
press-fit, cementless hemispherical acetabular cup was in-
serted with 95-100% native bone coverage. In cases of de-
ficient bone stock, one or two screws were placed through
the cup for supplemental fixation. A polyethylene liner was
inserted thereafter. Preparation of the femoral canal was
initiated using dedicated rasps, beginning with the distal
fragment to facilitate proper alignment of the proximal
segment with the true acetabular center. After determining
the appropriate implant diameter, the canal was sequen-
tially reamed proximally. The overlapping bone segment
was marked, and a second transverse osteotomy was per-
formed to resect 2.5-6.5 cm of bone, based on intraoper-
ative overlap measurement. A conical, cementless modular
femoral stem was inserted via press-fit. After trial reduction
and intraoperative assessment, patients with axial or rota-
tional instability at the osteotomy site underwent plate os-
teosynthesis using a derotational plate. The plate was po-
sitioned on the lateral surface of the femur and secured
using multiple angular stable locking screws in both the
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proximal and distal fragments to ensure stable fixation.
The plate’s geometry provided controlled femoral antever-
sion and enhanced rotational stability. Final implantation
of the femoral stem bridging the osteotomy was performed,
followed by modular neck attachment and impaction of a
cobalt-chromium femoral head. The femoral head was then
reduced into the acetabular liner. The surgical site was ir-
rigated, and wound closure was completed in layers with-
out the use of bone grafts. Final intraoperative radiography
confirmed optimal alignment, osteotomy compression, and
appropriate implant positioning.

All 28 patients included in the study underwent the
same standardized surgical technique, which consisted of a
transverse subtrochanteric shortening osteotomy, implan-
tation of a cementless conical femoral stem, and fixation of
the osteotomy site with a derotational plate with angular
stability. Postoperative management and rehabilitation
protocols were also identical across the cohort. Variations
in acetabular cup size, femoral head offset, or stem di-
mensions reflected individual anatomical differences rather
than methodological differences in the surgical approach
or fixation technique, thereby ensuring the internal consis-
tency and comparability of the study results.

2.7. POSTOPERATIVE MANAGEMENT AND FOLLOW-UP

During the first 24 hours after surgery, all patients were
monitored in the intensive care unit (ICU) to ensure ad-
equate pain control and surveillance of vital parameters.
Intravenous antibiotic therapy was administered postop-
eratively in accordance with the institution’s internal in-
fection control protocols. From the second postoperative
day, patients began mechanotherapy and mobilization un-
der the supervision of rehabilitation specialists, using walk-
ers or crutches. Weight-bearing on the operated limb was
restricted for the first six weeks, followed by a gradual tran-
sition to partial and then full weight-bearing, depending on
radiographic evidence of osteotomy union.

Scheduled follow-up evaluations were performed at dis-
charge and subsequently at 6 weeks, 3 months, 6 months,
and 12 months after surgery. Functional outcomes were as-
sessed using the Harris Hip Score (HHS), Oxford Hip Score
(OHS), and the Visual Analogue Scale (VAS) for pain. Ra-
diographic evaluations, including anteroposterior pelvic ra-
diographs and lateral hip views, were performed to assess
implant positioning and osteotomy healing. Radiographic
assessments were conducted jointly by the operating sur-
geons and independent radiologists to ensure objective and
accurate evaluation.

2.8. DATA ANALYSES

Statistical analysis was performed using SPSS Statistics
software. Quantitative variables were assessed for normal-
ity using the Shapiro-Wilk test. For variables with a normal
distribution, data were described as mean (M) and standard
deviation (SD), with 95% confidence intervals (95% CI) re-
ported as a measure of representativeness. In cases of non-
normal distribution, data were presented as median (Me)
and interquartile range (Q1-Q3). Categorical variables were

presented as absolute numbers and percentages. The 95%
confidence intervals for proportions were calculated using
the Clopper—Pearson method. For comparisons of three or
more related samples with non-normal distributions, the
Friedman nonparametric test was applied, followed by post
hoc pairwise comparisons using the Conover-Iman test
with Holm correction. For binary outcomes across more
than two related groups, Cochran’s Q test was used, with
post hoc analysis performed using McNemar’s test with
Holm correction. Differences were considered statistically
significant at p < 0.05.

3. RESULTS

3.1. PATIENT DEMOGRAPHICS

A total of 28 patients (30 hips) with Crowe type IV devel-
opmental dysplasia of the hip (DDH) were included in the
study. The study population consisted of 22 women (78.6%)
and 6 men (21.4%), with a mean age of 39.2 * 11.6 years
(range, 19-60 years). In 13 cases (43.3%) the involvement
was bilateral, in 12 cases (40%) the left hip was affected,
and in 5 cases (16.7%) the right hip was affected. All pa-
tients presented with high congenital hip dislocation and
clinically evident limb length discrepancy. The mean pre-
operative limb shortening was 3.2 £ 1.9 cm (range, 0-6
c¢m), which corresponded to the degree of femoral short-
ening required during surgery. The mean body mass index
(BMI) was 26.1 = 3.7 kg/m? (range, 20.4-33.3), with most
patients classified as overweight. All patients were classi-
fied as ASA physical status class I or II and had no signifi-
cant systemic comorbidities. Radiographic evaluation con-
firmed complete proximal displacement of the femoral head
(2100% of pelvic height), consistent with the criteria for
Crowe type IV dysplasia. Demographic and baseline clinical
characteristics are presented in Table 1.

3.2. SURGICAL AND INTRAOPERATIVE PARAMETERS

All surgical procedures were performed strictly in accor-
dance with the preoperative plan, without intraoperative
deviations. Each patient underwent one-stage total hip
arthroplasty (THA) combined with transverse sub-
trochanteric femoral osteotomy using a standard anterolat-
eral (Harding) approach in the lateral decubitus position.
The mean operative time was 101.17 = 19.68 minutes, and
the mean estimated intraoperative blood loss was 424.67
* 151.95 ml. The osteotomy was performed approximately
1 cm below the lesser trochanter, with a mean resection
length of 4.23 * 1.02 cm, depending on the degree of pre-
operative limb shortening. In all cases, uncemented conical
femoral stems were used. The Wagner Cone implant was
applied in 27 cases, while custom-designed conical stems
developed at KazNIITO were used in 3 cases. Osteotomy fix-
ation was achieved with a derotational plate designed ac-
cording to typical femoral morphology based on CT analy-
sis. On average, the plate was secured with 6.4 + 0.7 locking
screws, typically three in the proximal and three in the dis-
tal fragment, ensuring axial stability and rotational control.
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Table 1. Patients’ Characteristics.

Variable M+SD/Me 95%Cl/Q1 - Qs
Age 39.2+11.6 (19-60) 34.90 - 43.57
BMI 26.1+3.7kg/m?(20.4-33.3) 24.70-27.43
Gender

Male 6(21.4%) 9.9-42.3
Female 22 (78.6%) 57.7-90.1
ASA

1 20(66.7%) -

1 10(33.3%) -

Diagnosis

Bilateral 13(43.3%) 19.9-56.1
Left-sided 12 (40%) 25.5-62.6
Right-sided 5(16.7%) 7.7-38.6
Hospital stay (days) 149+33 13.67 - 16.13

d e

Figure 2. Intraoperative steps of THA with transverse subtrochanteric femoral osteotomy and fixation using a
derotational plate in a patient with Crowe type IV hip dysplasia: (a) Placement of the acetabular component into
the true acetabulum following sequential reaming and preparation; (b) Performance of the transverse
subtrochanteric osteotomy approximately 1 cm below the lesser trochanter; (c) Resection of the pre-measured
bone segment to correct limb shortening; (d) Implantation of the femoral component followed by assessment of
axial and rotational mobility between the proximal and distal fragments; (e) Final fixation of the osteotomy

using a derotational plate with bicortical locking screws.

In all patients, the acetabular component was implanted in
the true anatomical acetabulum. In 9 cases (30%), supple-
mental acetabular screws were used to enhance cup stabil-
ity in the presence of minor superolateral bone deficiency.
The mean diameter of the implanted cup was 44.5 * 2.1
mm, with >90% native bone coverage achieved in all cases.
Surgical characteristics and intraoperative implant-related
parameters are presented in Table 2.

3.3. RADIOGRAPHIC OUTCOMES

Radiographic assessment of osteotomy healing was per-
formed at 6 weeks, and at 3, 6, and 12 months postoper-
atively using standard anteroposterior pelvic radiographs.
Healing was classified as complete, partial, or absent. At six
weeks postoperatively, no signs of union were observed in
12 cases (40%), while 18 cases (60%) demonstrated early
callus formation with incomplete bridging across the os-
teotomy site (weak consolidation), indicating initial stages

of bone healing without full cortical continuity. By the
three-month follow-up, complete union had been achieved
in 15 cases (50%), with the remaining 15 cases (50%) still
showing partial healing. At six months, radiographic exam-
ination confirmed complete union in all 30 patients (100%),
and this outcome persisted throughout the one-year fol-
low-up period. Statistical analysis revealed that the dif-
ferences in union rates across follow-up stages were sig-
nificant (p = 0.006; Friedman test), indicating consistent
progression of osteotomy healing. No cases of nonunion,
fixation failure, or implant-related complications were ob-
served. These findings highlight the reliability and clinical
effectiveness of the derotational plate in providing stable
fixation and ensuring complete osteotomy consolidation by
six months postoperatively.

Analysis demonstrated that changes in union rates were
statistically significant (p = 0.006) (method used: Friedman
test).
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Table 2. Surgical Parameters and Implant Characteristics in Patients Undergoing THA with SSO

Parameter Mean + SD (range) 95%Cl/Q1 - Qs
Operation time, min 101.17 £ 19.68 93.82 - 108.52
Perioperative blood loss, ml 424.67 +151.95 367.93 -481.40
Preoperative limb length discrepancy, cm 3.2+1.9(0-6.0) 2.25-4.38
Femoral shortening length, cm 423+1.02(2.5-6.5) 3.85-4.61
Postoperative limb length discrepancy, cm clinically <1.0in all patients (estimated)
Incision size, mm 16.57 +£0.97 16.00 - 18.00
Cupinsertion depth, mm 95.50+7.81 95.00 - 100.00
Cup sizes used, mm
44 n=(23) -
46 n=(6) -
48 n=(1) -
Femoral head offsets, mm
-3,5(28) n=(21) -
+3,5(28) n=(1) -
-3,5(32) n=(7) .
0(32) n=(1) -
Wagner Cone
13 n=(5) -
14 n=(3) -
15 n=(8) -
16 n=(5) -
17 n=(2) -
18 n=(4) -
KazNIITO
6 n=(3) -
Table 3. Distribution of osteotomy union status at postoperative follow-up stages.
Follow-up stages
Indicators 6 weeks (1.5 months) 3 months 6 months 12 months p
Abs. % Abs. % Abs. % Abs. %
No union 12 40,0 0 0,0 0 0,0 0 0,0
Weak union 18 60,0 15 50,0 0 0,0 0 0,0 0,006*
Union 0 0,0 15 50,0 30 100,0 30 100,0

* — differences in parameters were statistically significant (p < 0.05).

3.4. FUNCTIONAL OUTCOMES

Functional recovery was assessed using the Harris Hip
Score (HHS), Oxford Hip Score (OHS), and Visual Analogue
Scale (VAS) for pain at six time points: preoperatively, at
discharge, and at 1.5, 3, 6, and 12 months postoperatively.
The results for each scale are presented in Figure 4a—c. The
mean HHS significantly improved from 66.3 £ 5.6 preopera-
tively to 90.3 # 1.3 at 12 months (p < 0.001), with the great-
est improvement observed during the first three months
(Fig. 4a). A similar trend was noted for the OHS, which in-
creased from 22.8 + 2.9 to 40.2 * 1.2 over the same period (p

< 0.001), indicating substantial improvement in patient-re-
ported functional outcomes (Fig. 4b). VAS scores decreased
markedly from 6.9 + 1.1 preoperatively to 1.9 £ 0.7 at one
year of follow-up (p < 0.001), with the most pronounced re-
duction in pain observed within the first six weeks (Fig. 4c).
These results confirm consistent and statistically signifi-
cant improvements in functional outcomes, pain reduction,
and patient-reported quality of life during the first postop-
erative year.
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a b

Figure 3. Sequential radiographic assessment of osteotomy healing following THA with a derotational plate in a
patient with Crowe type IV DDH: (a) Preoperative anteroposterior pelvic radiograph; (b) Radiograph at 1.5
months postoperatively showing initial fixation without visible callus formation; (c) Radiograph at 3 months
showing complete union of the osteotomy with restored cortical continuity; (d) Radiograph after staged bilateral
THA: the right side at 6 months demonstrating complete union, and the left side at 1.5 months showing initial
fixation without signs of callus formation; (e) Radiograph at 12 months showing stable fixation and maintained

osteotomy consolidation on both sides.
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3.5. COMPLICATIONS

Throughout the perioperative period and the one-year fol-
low-up, no major complications were recorded. There were
no cases of infection, dislocation, implant migration, neu-
rovascular injury, or nonunion of the osteotomy. The only
intraoperative complication occurred in one patient (3.3%)
— a fissure of the proximal femur during femoral com-
ponent implantation. The complication was immediately
managed with cerclage fixation, after which the postop-
erative course was uneventful: the osteotomy successfully
healed, and no revision surgery was required. All patients
completed the 12-month follow-up period.

oo™ oo™ o™

32

4. DISCUSSION

Crowe type IV DDH represents a significant surgical chal-
lenge due to pronounced anatomical deformities.!437 The
femoral head is completely dislocated, the acetabulum is
hypoplastic or malformed, and the proximal femur is nar-
rowed and excessively anteverted.?38-4! Soft-tissue con-
tractures and considerable leg length discrepancy further
complicate anatomical reduction. In many cases, extensive
soft tissue releases or staged procedures such as preopera-
tive traction are required.%10:18 Attempting reduction with-
out femoral shortening may necessitate limb lengthening
of more than 4-5cm, increasing the risk of sciatic nerve
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Dynamics of Oxford Hip Score (OHS) across follow-up stages
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Figure 4b. Oxford Hip Score (OHS) progression
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Figure 4c. Visual Analog Scale (VAS) for pain progression

injury.1542 These factors demand meticulous preoperative
planning and the use of advanced surgical techniques in
Crowe IV cases.

Anatomic placement of the acetabular component in
Crowe type IV DDH is a critical step in total hip arthro-
plasty, as it enables precise restoration of the hip center
of rotation.?3743 This is particularly important when per-
forming a femoral SSO required for safe reduction of the
dislocated hip. However, reconstruction of the true acetab-

ulum remains challenging due to limited bone stock,23:40
which may further necessitate compensatory procedures
such as femoral osteotomy.

Various osteotomy techniques have been described in
the literature for managing Crowe type IV DDH, including
transverse, oblique, step-cut (Z-shaped), and chevron con-
figurations.19:26,31,37.44 Although complex geometries the-
oretically offer advantages such as increased bone contact
area and enhanced rotational stability, biomechanical and
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clinical studies have not demonstrated clear superiority
over the simple transverse osteotomy in terms of union
rates, initial mechanical strength, or clinical outcomes.25
45-47 Due to its technical simplicity, reproducibility, and
the ability to achieve precise intraoperative correction of
femoral anteversion, the transverse SSO remains the pre-
ferred method in most cases.*8 In our study, this technique
was performed in all patients to allow for safe reduction of
the femoral head and correction of excessive anteversion.
Stable fixation was achieved using cementless conical
femoral stems that bypassed the osteotomy site and pro-
vided axial and rotational stability. In all cases, fixation was
further reinforced with a custom-designed 3D anatomical
derotational plate based on patient-specific CT data. This
combination allowed for precise rotational correction and
rigid stabilization across the osteotomy, promoting early
union and implant stability in the context of complex
anatomical deformities encountered in Crowe type IV THA.
The functional improvement observed in our cohort fur-
ther supports the efficacy of anatomical reconstruction
combined with stable fixation in Crowe type IV DDH. At one
year postoperatively, mean HHS exceeded 90 points, while
pain levels, as assessed by the VAS, decreased to an aver-
age of 2/7. These outcomes are consistent with those re-
ported by Caylak et al., who demonstrated an increase in
HHS from 23 to 94 following transverse subtrochanteric os-
teotomy and cementless THA in Crowe IV patients.2? Sim-
ilarly, Sofu et al. reported a five-year postoperative HHS
improvement from 39 to 84, underscoring the long-term
functional gains achievable in this patient population.28 In
addition, the mean OHS in our series improved to 40.2+1.2
at one year, which compares favorably with the findings of
Sebastian et al. (2023), who reported an increase in OHS
from 13.81£1.79 to 36.25+2.59 at midterm follow-up after
THA in DDH patients (including Crowe IV cases).*?
According to the data reported by Kawai et al., radi-
ographic union at the osteotomy site was achieved in only
81.5% of patients by 12 months, while 18.5% experienced
delayed healing, including one case that required revision
surgery with the use of allogeneic strut bone plates.*8 In
contrast, our series — employing an anatomical derotational
plate in conjunction with a cementless conical femoral
stem-achieved complete osteotomy union in all patients
by the sixth postoperative month, with no cases of fixation
failure. These findings highlight the reliability of the pro-
posed fixation construct and its potential to reduce the risk
of nonunion in patients with severe hip dysplasia.This is
further supported by the radiographic observation that, by
one year postoperatively, all implants remained stable with
no signs of nonunion. The combined use of an anatom-
ical derotational plate and a cementless conical femoral
stem resulted in predictable osteotomy healing and early
mechanical stability. Due to its design, the plate provided
improved rotational control and additional extramedullary
support, effectively addressing the limitations associated
with stem-only fixation. In the setting of severe anatomical
deformity characteristic of Crowe type IV dysplasia, achiev-
ing robust fixation is crucial both for osteotomy healing and
for the overall success of THA.37 Although a single intra-

operative complication occurred—a proximal femoral fis-
sure during stem insertion in one patient (3.3%)—it was
immediately stabilized with cerclage wiring,>° and postop-
erative recovery was uneventful, with full osteotomy union
and no requirement for revision surgery. Importantly, no
cases of greater trochanter fracture, gluteus medius detach-
ment, or need for bone grafting, reoperation, or prolonged
weight-bearing restrictions were observed. These results
reflect both the preservation of abductor integrity achieved
through the direct lateral approach and the biomechanical
stability afforded by the fixation construct.

Restoring normal gait after THA in Crowe type IV DDH
remains a clinical challenge due to long-standing abductor
insufficiency and altered biomechanics.5! Although
anatomical reconstruction lowers the hip center and im-
proves the abductor lever arm, muscle strength recovery is
often delayed.>2 In our series, most patients demonstrated
significant improvement in gait pattern over the first post-
operative year. Early initiation of physiotherapy focused on
gluteal strengthening contributed to functional recovery.
By one year, the majority achieved a stable, non-lurching
gait, though a few patients with severe preoperative mus-
cle atrophy exhibited mild residual abductor lag. Minimal
residual leg length discrepancy and bilateral reconstruction
in selected cases further contributed to favorable outcomes.
These findings highlight the importance of dedicated post-
operative rehabilitation in optimizing functional recovery
following anatomical hip reconstruction.

Beyond the clinical and radiographic outcomes, the
broader implications of this study are noteworthy. The ob-
tained data highlight the importance of developing im-
plants tailored to the anatomical characteristics of the local
population and the organizational realities of the national
healthcare system. Such approaches are increasingly rec-
ognized in international practice and may complement ex-
isting solutions by offering potential cost-effective alter-
natives that could enhance access to surgical care in
resource-limited settings without compromising quality.
Although a detailed economic analysis was beyond the
scope of this study, our findings suggest that localized tech-
nology has the potential to be successfully integrated
within a healthcare system and serve as an additional op-
tion alongside established fixation methods.

4.1. LIMITATIONS

This study has several limitations that should be acknowl-
edged. First, the absence of a control group limits the abil-
ity to directly compare the outcomes of derotational plate
fixation with those of other conventional fixation methods.
Second, the relatively small sample size (30 hips) reflects
the rarity of Crowe type IV developmental dysplasia of the
hip treated at a single institution and may limit the statisti-
cal power and generalizability of the findings. Additionally,
approximately 40% of initially identified patients were not
included in the final analysis due to refusal to participate,
medical contraindications, or loss of follow-up, which may
further affect the representativeness of the results. Fur-
thermore, all 28 patients underwent the same standardized
surgical technique, which ensures internal consistency but
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limits direct comparison with alternative fixation strate-
gies. Finally, the follow-up period was restricted to 12
months, allowing for the assessment of early functional and
radiographic outcomes but not providing information on
long-term implant survival, wear, or delayed complications.
Future multicenter studies with larger cohorts, comparative
groups, and extended follow-up periods are needed to vali-
date these findings, assess reproducibility, and evaluate the
long-term effectiveness and durability of this fixation ap-
proach.

5. CONCLUSION

The conducted analysis demonstrated that the use of the
domestically developed derotational plate for transverse
subtrochanteric femoral shortening osteotomy in patients
with Crowe type IV hip dysplasia provided stable fixation,
reliable osteotomy union achieved by 6 months, and fa-
vorable functional outcomes maintained throughout the
12-month follow-up period. However, longer-term studies
are needed to confirm the durability of the implant, assess
potential late complications, and evaluate functional recov-
ery beyond the first postoperative year.
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