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ABSTRACT

Background: Femoral shortening is a critical adjunct during open reduction for developmental dysplasia of the hip (DDH),
especially in cases presenting late or with severe dislocation. It reduces soft tissue tension and minimizes complications like
avascular necrosis and redislocation. Despite its importance, limited data exist regarding preoperative predictors of its necessity,
particularly in local clinical settings.

Objective: To determine the preoperative factors associated with the need for femoral shortening during surgical management
of DDH.

Methods: A cross-sectional study was conducted at the Department of Orthopaedic Surgery, Khyber Teaching Hospital,
Peshawar. A total of 169 children aged 1-10 years, diagnosed with IHDI grade 3 or 4 DDH and scheduled for open reduction,
were enrolled through non-probability consecutive sampling. Data on demographics, clinical history, and radiological findings
were collected. The primary outcome was whether femoral shortening was performed, assessed intraoperatively. Statistical
analysis was performed using SPSS v25, with chi-square tests and binary logistic regression applied to identify significant
predictive factors (p<0.05).

Results: Femoral shortening was performed in 89 patients (52.7%). Significant predictors included age >5 years (76.4%),
female gender (66.2%), breech delivery (64.3%), positive family history of DDH (61.8%), and IHDI grade 4 (72.5%). Each of
these variables showed a strong association with the likelihood of undergoing femoral shortening during surgery.

Conclusion: Older age, female gender, breech presentation, familial predisposition, and higher DDH grade are strong
preoperative indicators for femoral shortening. Early identification of these factors allows for better surgical planning and
improved parental counseling.

Keywords: Breech Presentation, Developmental Dysplasia of Hip, Femoral Osteotomy, Femoral Shortening, Orthopedic
Surgery, Pediatric Orthopedics, Predictive Factors.
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INTRODUCTION

Developmental dysplasia of the hip (DDH) is a condition with a broad spectrum of anatomical abnormalities, ranging from subtle
acetabular dysplasia to complete dislocation of the femoral head. Surgical management is often required in children who fail to respond
to conservative treatment, with open reduction being a mainstay approach, particularly in late-presenting cases. One of the pivotal
challenges in achieving a successful reduction is addressing soft tissue contracture, which can hinder concentric reduction and increase
the risk of complications such as avascular necrosis, re-dislocation, and post-operative stiffness due to excessive tension across the hip
joint (1,2). To mitigate these risks, femoral shortening osteotomy is frequently employed. This additional procedure facilitates reduction
by relieving undue pressure on the femoral head and allowing for a tension-free reduction. Subtrochanteric osteotomy is the preferred
technique over intertrochanteric osteotomy for femoral shortening in most clinical settings (3,4). A study proposed a practical approach
to estimate the required shortening, typically around 2 to 3 cm, by measuring the overlap between the proximal and distal femur
segments, and they utilized a four-hole plate for fixation without rotational change (5). A cohort study of 20 hips, reported no shortening
beyond 2 cm, with only two complications believed to stem from overcorrection of anteversion (6). Similarly, a study observed no
significant leg length discrepancies in 33 hips post-shortening, further supporting the efficacy of this surgical adjunct (7). Contemporary
understanding of DDH anatomy has shifted surgical trends away from varus-producing osteotomies due to the potential for persistent
femoral neck varus (8), and while derotation osteotomies are sometimes considered in severe anteversion cases, they remain used
cautiously (9).

Femoral shortening is not uniformly required for all DDH cases and is instead considered based on specific intraoperative and
preoperative factors. According to a study, age and femoral head displacement significantly influence the decision to perform shortening
(10,11). A study involving 119 patients undergoing open reduction revealed a high prevalence of femoral shortening among older
children and those with higher DDH grades, with the majority being females and having grade 4 DDH based on the International Hip
Dysplasia Institute (IHDI) classification (12). Despite the clinical importance of femoral shortening, literature remains limited on
predictive factors that may aid in preoperative planning and parental counseling. In particular, there is a notable gap in data from local
contexts, limiting the ability of clinicians to anticipate the need for femoral shortening before surgery. Addressing this gap is essential
for optimizing surgical outcomes and improving patient-family communication. Preoperative identification of predictive factors such as
patient age, gender, family history, breech presentation, and DDH severity may support more informed surgical planning. Furthermore,
a proactive approach to recognizing these predictors could potentially reduce operative time, enhance surgical preparedness, and
minimize post-operative complications. The objective of this study is therefore to determine the pre-operative factors associated with
the need for femoral shortening in patients undergoing surgical management for developmental dysplasia of the hip.

METHODS

This cross-sectional study was conducted in the Department of Orthopaedic Surgery at Khyber Teaching Hospital, Peshawar, over a
period of six months following the approval of the research synopsis by the Institutional Review Board (IRB). Ethical approval was
obtained prior to study commencement and written informed consent was obtained from the parents or legal guardians of all participating
children after detailed explanation of the study’s purpose, risks, and benefits. The study population consisted of pediatric patients aged
between 1 and 10 years, of either gender, diagnosed with developmental dysplasia of the hip (DDH) classified as grade 3 or 4 according
to the International Hip Dysplasia Institute (IHDI) classification system (13). Only patients scheduled for open reduction through an
anterior approach were included. Exclusion criteria comprised non-idiopathic dislocations secondary to systemic or local diseases, prior
surgery on the same hip joint, syndromic conditions, Pott’s disease, and neuromuscular disorders. The sample size was calculated using
the World Health Organization formula, assuming an anticipated proportion of 56% of children over 5 years undergoing femoral
shortening (1), a margin of error of 7.5%, and a 95% confidence level, yielding a sample size of 169. A non-probability consecutive
sampling technique was employed to recruit participants. Baseline demographic data including age, gender, body mass index (BMI),
residence, maternal education, paternal occupation, and socioeconomic status were recorded. Clinical details such as history of breech
delivery, family history of DDH in first-degree relatives, and IHDI grade were collected according to operational definitions. The
primary outcome of interest was the need for femoral shortening during open reduction surgery, noted intraoperatively by the consultant
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orthopedic surgeon. The surgical decision to perform femoral shortening was based on either the inability to reduce the hip or the
presence of excessive tension during reduction following capsulotomy, necessitating a tension-free construct.

Standard surgical protocols were followed. After anterior capsulotomy, adductor longus, rectus femoris, and iliopsoas tenotomies were
routinely performed. Femoral shortening was executed via a separate lateral incision with two transverse subtrochanteric osteotomies,
followed by fixation using a four-hole plate and postoperative immobilization in a hip spica cast. External rotation correction of the
distal fragment was performed selectively for patients with significant femoral anteversion. A pelvic osteotomy was performed
subsequently, followed by capsular repair (14,15). In cases of bilateral dislocation, the contralateral hip was scheduled for surgery on a
different date. Preoperative traction was not utilized. Data regarding the performance of femoral shortening and associated predictors
were documented on a predesigned proforma by the primary investigator. Data analysis was performed using IBM SPSS version 25.
Normality of continuous variables such as age and BMI was assessed using the Shapiro-Wilk test. Means and standard deviations or
medians with interquartile ranges were reported accordingly. Categorical variables, including gender, residence, maternal education,
paternal profession, socioeconomic status, family history of DDH, breech delivery, and DDH grade, were summarized as frequencies
and percentages. Associations between potential predictors and the performance of femoral shortening were evaluated using chi-square
tests or Fisher’s exact test where appropriate, with a significance level set at 0.05. A binary logistic regression model was employed to
estimate the probability of femoral shortening based on independent variables, including age over five years, female gender, breech
delivery, first-degree relative with DDH, and IHDI grade 4. Odds ratios with 95% confidence intervals were calculated, with statistical
significance determined by confidence intervals excluding value 1. Stratification was conducted for age, gender, laterality, and BMI to
control for confounding, followed by post-stratification chi-square or Fisher exact tests.

RESULTS

Out of a total of 169 patients included in the study, the mean age was 5.4 + 2.2 years, with ages ranging from 1 to 10 years. The majority
of the participants were female (62.1%, n=105), while males constituted 37.9% (n=64). The average BMI was 17.3 + 2.5 kg/m?. In terms
of socioeconomic status, 36.7% (n=62) of children belonged to the lower class, 47.9% (n=81) to the middle class, and 15.4% (n=26) to
the upper class. Most of the parents were employed (85.2%, n=144), while 14.8% (n=25) were unemployed. A rural background was
more common (58.0%, n=98), and 60.4% (n=102) of the parents were educated, while 39.6% (n=67) were uneducated. Regarding the
laterality of the hip joint affected, the right hip was involved in 53.3% (n=90) and the left in 46.7% (n=79). Most patients (66.3%, n=112)
were diagnosed with IDHI grade 4 DDH, while 33.7% (n=57) had grade 3. Femoral shortening was performed in 52.7% of cases (n=89),
while 47.3% (n=80) underwent open reduction without the need for femoral shortening. The frequency of femoral shortening was
significantly associated with age, gender, DDH grade, breech delivery, and family history. Among patients aged more than five years,
76.4% required femoral shortening compared to only 23.6% in those aged five years or younger. Similarly, 66.2% of females underwent
femoral shortening versus 33.8% who did not. Children with a first-degree relative (FDR) having DDH showed a 61.8% rate of femoral
shortening, whereas 38.2% without such family history required the procedure. In patients with IDHI grade 4, 72.5% underwent femoral
shortening, significantly higher than those with grade 3. Breech delivery was also a notable factor; 64.3% of breech-born children
required shortening, while 35.7% did not. These findings indicate that the probability of requiring femoral shortening is increased in the
presence of certain preoperative factors such as older age, female gender, breech birth, family history of DDH, and higher DDH grade.
Further statistical associations and predictive models were calculated in the analysis phase to validate these findings.

Table 1: Demographic Characteristics

Variable Distribution
Age (Mean + SD) 5.4+2.2 years
Gender Male 64 (37.9%)
Female 105 (62.1%)
BMI (Mean + SD) 17.3 £2.5 kg/m?
Socioeconomic Status Lower 62 (36.7%)
Middle 81 (47.9%)
Upper 26 (15.4%)
Parental Occupation Employed 144 (85.2%)
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Variable Distribution
Unemployed 25 (14.8%)

Residence Rural 98 (58.0%)
Urban 71 (42.0%)

Parental Education Educated 102 (60.4%)
Uneducated 67 (39.6%)

Table 2: Femoral Shortening Qutcome

Femoral Shortening Frequency (n) Percentage (%)
Yes 89 52.7%
No 80 47.3%
Table 3: Predictive Factors of Femoral Shortening
Predictive Factor Yes, with FS (%) No, with FS (%)
Age >5 years 76.4% 23.6%
Female Gender 66.2% 33.8%
FDR with DDH 61.8% 38.2%
IDHI Grade 4 72.5% 27.5%
Breech Delivery 64.3% 35.7%
Table 4: IDHI Grade and Laterality Distribution
Variable Frequency (n) Percentage (%)
IDHI Grade 3 57 33.7%
IDHI Grade 4 112 66.3%
Right Hip 90 53.3%
Left Hip 79 46.7%
Distribution of IDHI Grades and Laterality Distribution of Femoral Shortening
Yes
100+
80
§ 60
40
20} 47.3%
. % > R R No
& & Q{b‘ (\Q*\
& e @ £
Figure 2 Distribution of IDHI Grades and Laterality Figure 1 Distribution of Femoral Shortening
DISCUSSION

The present study evaluated the preoperative predictors associated with the need for femoral shortening during open reduction for
developmental dysplasia of the hip (DDH). The findings revealed a significant association of femoral shortening with age over five
years, female gender, breech presentation, positive family history of DDH, and higher IHDI grades. These results contribute to the
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growing body of literature emphasizing patient-specific risk profiling in surgical planning for DDH. Femoral shortening remains a
crucial step in achieving a tension-free reduction during DDH surgery, particularly in older children and those with high-grade
dislocations. Our finding that age above five years is strongly associated with the need for femoral shortening aligns with existing
literature. A recent study demonstrated that increasing age was a key risk factor for femoral overgrowth and limb length discrepancy
following femoral shortening osteotomy, underscoring the anatomical and biomechanical challenges of late presentations (16). Similarly,
another study emphasized that femoral shortening may not be routinely needed in children aged 2—-3 years with Tonnis grade 111 DDH,
further supporting age-based surgical decision-making (17). The predominance of femoral shortening among females in our cohort is in
line with the known epidemiological distribution of DDH, where female infants are more frequently affected due to maternal hormonal
influences and ligamentous laxity. A study confirmed that in Crowe IV dysplastic hips, female patients undergoing femoral shortening
osteotomy with total hip arthroplasty achieved good outcomes with long-term stability, reflecting the procedural need and its efficacy
in this demographic (18). Another noteworthy observation was the high frequency of femoral shortening among patients with breech
deliveries. Breech presentation has long been established as a significant risk factor for DDH, contributing to the mechanical
displacement of the femoral head and a more severe pathological anatomy. While not extensively studied in the context of femoral
shortening itself, the link between breech presentation and DDH severity has been reported in several works found that anatomical
parameters such as greater operative leg length discrepancy and altered acetabular positioning were significant predictors for shortening
osteotomy (19-21).

IDHI grade 4 severity was strongly correlated with the need for shortening in our analysis, reaffirming the principle that greater
dislocation severity necessitates additional femoral shortening to achieve stable reduction without compromising perfusion to the
femoral head. Similar conclusions were drawn by a study which demonstrated reduced rates of avascular necrosis in Tonnis type IV
hips managed with combined open reduction and femoral shortening osteotomy (22,23). The study’s strengths include a well-defined
cohort, strict adherence to operational definitions, and structured data collection, enhancing internal validity. However, some limitations
merit acknowledgment. The single-center nature and non-randomized design limit generalizability. Additionally, variables such as
degree of soft tissue tightness and intraoperative acetabular morphology, which may influence shortening decisions, were not included.
Furthermore, potential confounding factors like socioeconomic and nutritional status, although recorded, were not analyzed in the final
model. Future research should aim at multicentric prospective trials incorporating advanced imaging and functional outcome scores.
Incorporating 3D morphological modeling as shown by a study can refine preoperative prediction models for femoral shortening and
assist in surgical planning (24). Additionally, the development of scoring systems integrating anatomical, demographic, and radiographic
data may improve prediction accuracy and allow more personalized treatment. In conclusion, the study reaffirms that older age, female
gender, breech presentation, positive family history, and severe DDH grades significantly predict the need for femoral shortening.
Recognizing these factors preoperatively can aid in surgical preparedness, reduce intraoperative decision uncertainty, and enhance
patient-family counseling.

CONCLUSION

This study identified age over five years, female gender, breech presentation, positive family history, and IDHI grade 4 as significant
preoperative predictors for femoral shortening during open reduction in developmental dysplasia of the hip. Recognizing these factors
in clinical practice can enhance surgical planning, reduce intraoperative uncertainty, and support informed counseling for caregivers,
ultimately improving patient outcomes.
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