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Abstract: Aim: This research aims to analyze the transition from the posterolateral approach (PLA) to the direct anterior
approach (DAA) in 101 cases of unilateral total hip arthroplasty (THA). In addition, the study specifically aims to evaluate
limb length discrepancy (LLD). Methods: We conducted a retrospective analysis of 101 patients who had unilateral THA
from September 2021 to August 2024. The causes of THA included femoral neck fracture (n = 28), osteoarthritis (n =
23), osteonecrosis of the femoral head (n = 25), and developmental dysplasia of the hip (» = 25). The mean age was 61.50
years in the PLA group and 63.00 years in the DAA group. Safety feasibility was assessed by analyzing procedure time,
incision length, and bleeding volume. LLD was indirectly evaluated by measuring the difference in central edge angles of
the postoperative pelvic orthotopic plate. This was done to assess the superiority of the DAA. Results: The DAA group
had a longer operation time, less blood loss, and a shorter incision length compared to the PLA group, with a statistically
significant difference (P < 0.05). Additionally, body mass index was found to be linearly correlated with operation length.
The LLD in the DAA group was significantly smaller than that in the PLA group (P < 0.05). Moreover, this LLD was
linearly associated with the difference in the central edge angle. Conclusion: DAA may effectively control LLD after THA,

resulting in less blood loss and shorter incisions, though it may require longer operative time.

Keyword: Total hip arthroplasty; Limb length discrepancy; Posterolateral approach; Direct anterior approach

Online publication: October 30, 2024

1. Introduction

Total hip arthroplasty (THA) is a surgical procedure that replaces the hip joint with artificial implants. It is
suitable for treating osteoarthritis, necrosis of the femoral head, femoral neck fracture, rheumatoid arthritis,
traumatic arthritis, bone tumors, ankylosing spondylitis, and other diseases ". Limb length discrepancy (LLD)
is one of the most common complications following primary THA. Contributing factors include individual




variations in femoral morphology, inappropriate selection of the preoperative prosthesis, inadequate release
of osteotomy and soft tissue, imprecise prosthesis placement, and challenges in controlling muscle relaxation
during various anesthesia methods ). Limb shortening after THA is relatively rare compared to limb
lengthening. Several common reasons contribute to this phenomenon: (1) a preoperative true LLD greater
than 40 mm may lead to incomplete correction; (2) a limb that is only slightly lengthened can easily damage
blood vessels and nerves; (3) excessive acetabular filling and upward movement can exacerbate the issue; and
(4) postoperative cement subsidence of the cemented prosthesis may result in limb shortening . Previous
clinical data suggest that LLD greater than 20 mm can cause postural pelvic tilt ', while LLD greater than 10
mm may lead to new-onset low back pain after surgery ”’. In contrast, LLD less than 10 mm typically allows
for compensation within three months, as the range of motion (ROM) of the unoperated hip improves "*'. It is
generally accepted that an LLD of 10 mm may serve as a cut-off value for assessing whether compensation
occurs in the contralateral limb . Reducing LLD to less than 5 mm in patients with ankylosing spondylitis
significantly improves clinical outcomes after hip arthroplasty, making it a more accurate target than the
current standard of less than 10 mm "%. Although LLD less than 7 mm is considered a reasonable threshold for
reducing residual discomfort after THA "), patients with radiographic LLD (R-LLD) less than 5 mm and longer
perceived LLD (P-LLD) over one year still report poor Forgotten Joint Score (FJS-12) outcomes !'”.

The surgical approaches for THA include the direct anterior approach (DAA), the direct lateral approach
(DLA), the anterolateral approach (ALA), and the posterolateral approach (PLA). Although the traditional
THA approach, represented by PLA, achieves remarkable anatomical results, it can also lead to muscle
injuries around the joint, resulting in soft tissue release and a heightened risk of dislocation after surgery "”;
to prevent early postoperative dislocation, surgeons may implement compensatory measures on the femoral
side, as previously mentioned "*. For example, a larger femoral head can improve the head-to-neck ratio,
thereby increasing the ROM before the initial impact point and reducing the dislocation rate ''*). However,
inaccurate repairs of the acetabular position or lower LLD do not independently increase the risk of dislocation
11" Additionally, increasing limb length does not reduce the likelihood of late dislocation associated with
neurological diseases or muscle tension. For patients at a higher risk of postoperative dislocation, it is
recommended to use a femoral component with a lower neck angle (larger offset) to lower this risk ",

The DAA for THA is a minimally invasive surgical technique that provides faster recovery, less pain, and
a lower postoperative dislocation rate compared to other methods, leading to a surge in research "'*'”, However,
less experienced joint surgeons may still face significant challenges, such as neurological dysfunction and
intraoperative femur fractures ' DAA utilizes a midplane positioned between the tensor fascia latus, gluteus
medius, sartorius, and rectus femoris, which helps to avoid the superior gluteal and femoral nerves. Despite
this, injury to the lateral cutaneous femoral nerve (LCFN) is a common mild complication that is often reported
only when patients are directly asked about their skin sensitivity. Anatomical studies have shown that around
70% of LFCN display a sartorius-type branching pattern. To minimize the risk of injury to the LFCN branch, a
skin incision should be made 2 cm lateral to the anterior superior iliac spine (ASIS) and extended distally .
The difficulty of exposing the femur with the DAA approach increases the risk of intraoperative fracture. While
a short shaft component can help reduce this risk ', a longer stem can effectively guide the pull direction and
prevent improper contact with the femoral cortex. This helps to minimize stress concentration in the proximal
femur .

Previous studies have indicated that ALA may be more effective than PLA in managing postoperative LLD
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following THA ™. However, few studies have compared the DAA with the PLA in this area. To this end, we
conducted a three-year retrospective study evaluating data from 101 patients who underwent unilateral THA.
Our goal was to assess the safety and feasibility of joint surgeons transitioning from the PLA to the DAA.
Additionally, we aimed to evaluate the latter’s effectiveness in controlling postoperative limb length differences.

2. Materials and methods

2.1. General information

In accordance with the Declaration of Helsinki, this study ensured compliance with established ethical
standards. We conducted a retrospective analysis of data from 101 patients, including 49 males and 52 females,
who received unilateral THA using either the DAA or the PLA between September 2021 and August 2024. The
inclusion criteria were as follows: (1) a preoperative diagnosis of a femoral neck fracture, hip osteoarthritis,
osteonecrosis of the femoral head (ONFH), or developmental dysplasia of the hip (DDH); (2) meeting the
criteria for THA and having undergone unilateral THA for the first time; (3) aged between 25 and 80 years; (4)
patients from the same surgical group. The exclusion criteria were as follows: (1) individuals with osteoporosis,
cancer, or abnormal muscle and ligament function; (2) those with venous thrombosis or other factors that could
raise the preoperative venous thromboembolism score; (3) individuals who have had major surgery in the past
month; (4) those with contraindications to surgery or anesthesia. Table 1 demonstrates that the statistical data
sets were comparable (P > 0.05).

Table 1. Demographics and baseline characteristics of included cases

Characteristics PLA (n =48) DAA (n=53) P

Age (y) 61.50 (53-74) 63.00 (52-72) 0.989

Gender (male/female) 23/25 26/27 0.909

BMI 27.12 +4.76 26.98 +£4.55 0.881

Surgical side (left/right) 24/24 28/25 0.932
Femoral neck fracture 13 15
Hip osteoarthritis 10 13

Diagnosis 0.947
ONFH 13 12
DDH 12 13

Abbreviations: DAA: Direct anterior approach; PLA: Posterolateral approach; BMI: Body mass index; ONFH:
Osteonecrosis of the femoral head; DDH: Developmental dysplasia of the hip

2.2. Surgical methods
All procedures were carried out by a highly experienced surgical team to minimize the risk of LLD after THA .
PLA-THA: The patient was in the lateral position. The surgical area was routinely disinfected and then
covered with an aseptic surgical towel and skin envelope. A posterolateral incision was made in the hip joint.
The skin and subcutaneous tissue were cut, followed by cutting the greater trochanteric capsule and fascia lata.
The gluteus maximus was split, the outer spinor muscle group was cut, and the posterior joint capsule was
exposed. After making a U-shaped incision in the joint capsule, yellow fluid was observed in the joint cavity
and pathological changes of the femoral head were noticed along with dislocation. The femoral neck was
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truncated 1 cm along the lesser trochanter of the femur, and the femoral head was removed. The soft tissue in
the acetabulum was cleaned before filing the acetabular component. The acetabular component was placed and
consolidated with a 15-degree forward tilt and 45-degree outward angle, and the ceramic lining was placed
after flushing. A 36 mm standard femoral head was tested to check the position and tightness, with no signs of
dislocation, to reset the hip joint. The incision was washed thoroughly, the joint capsule and posterior muscle
group were repaired, and the gauze was counted. The incision was then closed layer by layer, a drain tube was
placed, and the area was wrapped sterilely.

DAA-THA: The patient was positioned horizontally. The surgical area was disinfected, aseptic surgical
towels were placed, and the skin envelope was secured. The DAA approach was utilized to incise the skin
and subcutaneous tissue, and the fascia muscularis of tensor fasciae latae was cut, allowing the tensor fasciae
latae to be pulled outward. This fully exposed the rectus femoris space beneath, providing access to the
ascending branch of the free lateral femoral artery for ligation and hemostasis. Cutting the joint capsule reveals
pathological changes at the junction of the femoral head and neck. This procedure allows the identification
of the saddle area and small nodules to determine the osteotomy line. The surgeon performed a femoral neck
osteotomy, removed the femoral head, and cleaned the soft tissue, glenoid labrum, and some osteophytes in
the acetabulum. The acetabulum was filed until uniform bleeding was achieved. The acetabular cup was then
positioned at an angle of 15 degrees of abduction and 40 degrees of anteversion, secured with two 2-mm
screws, and firmly placed ceramic lining. Shuck-test and Drop-test were qualified. The operating bed was
adjusted to an inverted position of 30 degrees, providing a clear view of the proximal femur. The femoral bone
marrow cavity was treated with a specialized file, and tests were performed on both the prosthetic handle and
the femoral head (32 + 6 mm). The intraoperative fluoroscopic prosthesis was correctly placed and showed
no signs of dislocation. The marrow cavity was drained, and the prosthesis handle was inserted into the bone
marrow cavity. Subsequently, a 32 + 6 mm ceramic artificial femoral head prosthesis was installed, and the hip
joint was reset without any evidence of dislocation. The incision was washed thoroughly, the joint capsule and
fascia muscularis of the tensor fasciae latae were repaired, and the gauze was counted. The incision was then
closed layer by layer, a drain tube was placed, and the area was wrapped sterilely.

2.3. Observation indexes

2.3.1. Perioperative index

Surgical time, total blood loss, and incision length are defined as follows: Surgical time is the duration from the
initial skin incision to the completion of wound closure; total blood loss includes both blood lost during surgery
and the amount of blood drained afterward; and incision length refers to the length of the surgical cut made in
the skin.

2.3.2. Postoperative radiographic index

In this retrospective study, we measured the height difference at the center of rotation by using pelvic
normotopia X-ray to indirectly evaluate LLD. The pelvic reference points consist of the teardrop-shaped
structures and the ischium. We aimed to eliminate the influence of pelvic factors on LLD by aligning specific
anatomical landmarks on X-ray film, these landmarks include the lines drawn between the lower edge of the
tear and the lower edge of the ischium of both acetabula. Patients were enrolled in the study if the two lines
were parallel. Since all enrolled patients underwent unilateral THA, our method for quantitative assessment

10 Volume 2; Issue 5



of LLD was defined as subtracting the height of the contralateral rotation center from the height of the
intraoperative rotation center.

An increase in the central edge angle is a crucial indicator of postoperative LLD **, therefore the difference
between the two center-edge angles was measured to explore the degree of correlation. The measurement
method was performed as follows: When a circle overlaps the edge of the acetabular component, its center
corresponds to the operative hip; similarly, if the opposite side overlaps the edge of the femoral head, its center
corresponds to the opposite hip. To find the height of the center of rotation, measure the vertical distance from
the hip joint’s center of rotation to the lower edge of the teardrop on both sides. The center of rotation of the hip
joint is similar to the center of the femoral head. Therefore, a vertical line is drawn from this center to measure
the central edge angle, which is the angle between this vertical line and the outer upper edge of the acetabulum.

2.4. Statistical methods

Data analysis was performed using the SPSS27.0 software. Measurement data were presented as mean +
standard deviation (SD). We employed a group f-test for comparisons between groups and a paired z-test for
within-group comparisons. Count data were reported as percentages (%), with relationships assessed using

Pearson’s correlation test. A P value of < 0.05 indicates statistically significant differences.

3. Results
3.1. Perioperative index

As shown in Table 2, the DAA group had a longer operation time, less blood loss, and a shorter incision length
compared to the PLA group, with these differences being statistically significant (P < 0.05). The study found a
strong correlation of 0.675 between BMI and operation duration in the PLA and DAA groups, which was highly
statistically significant (P < 0.001).

Table 2. Perioperative index

PLA (n=48) DAA (n=53) P
Operation time (min) 109.35 + 12.026 123.47 £ 11.998 <0.001
Amount of bleeding (ml) 279.17 £ 41.557 245.66 +39.735 <0.001
Incision length (cm) 11.33+1.917 9.79 +£2.222 <0.001

Abbreviations: DAA: Direct anterior approach; PLA: Posterolateral approach

3.2. Postoperative radiographic index

In comparison to the PLA group, we found a smaller yet statistically significant difference in the height of
the rotation center and the center edge angle (P < 0.05), as illustrated in Table 3. The correlation between the
height difference of the rotation center and the center edge angle was 0.863 (P < 0.001), indicating statistical
significance. Additionally, our results indicated that the height difference in the center of rotation was not
significantly related to gender (P =0.711).

11 Volume 2; Issue 5



Table 3. Postoperative radiographic index

PLA (n=48) DAA (n=53) P
The difference in RCH (mm) 6.718 +£2.342 5.090 + 1.922 <0.001
The difference in CEA (°) 3.922 +£1.390 2.941 £ 1.181 <0.001

Abbreviations: DAA: Direct anterior approach; PLA: Posterolateral approach; RCH: Rotation center height; CEA: Central
edge angle

3.3. Postoperative complications

After surgery, all patients experienced stage I healing of their incisions without complications, including
infection, dislocation, or periprosthetic fracture. In the PLA group, four patients had a height difference of
rotation centers greater than 10 mm, resulting in a complication rate of 8.33% (4/48). In contrast, the DAA
group reported numbness in the lateral femoral skin innervation zone, with a complication rate of 5.66% (3/53).
There was no significant difference between the two groups (c* = 0.018, P =0.892).

4. Discussion

Our results indicated that patients in the DAA group had longer operation times but experienced less blood
loss and shorter incisions compared to the PLA group. This agrees with the analysis by Sun et al. **. DAA
procedures have a narrower operating space compared to other surgical approaches. In patients with acetabular
issues, each additional unit of BMI increases surgery time by 0.9 minutes . Additionally, our data revealed
a positive linear correlation between BMI and surgery duration. Studies show that robotic-assisted technology
can provide more precise cup positioning and better leg length recovery for obese patients *. In obese patients,
special attention is given to correct reaming and subsequent positioning to avoid excessive lateral positioning .

Anatomical studies have identified morphological differences between male and female hip joints, which
make women more prone to developing LLD postoperatively compared to men “*. However, our results
showed no significant correlation with gender. This may require categorizing the indicators of LLD before
conducting correlation comparisons. It is noteworthy that the selection of the neck shows no gender differences
and has no significant correlation with intraoperative ROM or postoperative dislocation . LLD is influenced
not only by bony relationships but also by varying degrees of tissue tension. The two-stage treatment involving
skeletal traction for limb lengthening after extensive soft tissue release has shown good efficacy in addressing
limb length discrepancies resulting from developmental dysplasia of the hip or sequelae of infectious hip
disease °*. Furthermore, the anterior-based muscle-sparing total hip arthroplasty (ABMS-THA), developed
from the DAA approach, has been shown to yield better surgical outcomes .

Three-dimensional image analysis techniques (3D-IAT) can more accurately predict the position after
surgery. These techniques significantly enhance the accuracy of component placement in joint replacement.
This offers more options for patients needing THA.

Our data indicated that DAA is likely more effective than the conventional surgical approach in reducing
LLD. In contrast to PLA, patients adopt the supine position when choosing the DAA approach during
surgery, the pelvis stays in place, improving the accuracy of imaging feedback “*. Although the positioning
of the acetabular component in the recumbent position may differ from the postoperative standing position,
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3D-IAT can more accurately predict the position of the acetabular component in the postoperative standing
P71 such as robot-assisted (RA) and

computer navigation (CN), assist in positioning acetabular components. These new techniques are superior to

., 3536 .y . . .
position ®** Additionally, new non-invasive measurement techniques

artificial THA (manual THA, mTHA) "***. This will provide more options for patients requiring THA.

In 2024, researchers discovered a linear relationship between bilateral femoral offset (FO), bilateral
rotational center height (RCH), and postoperative limb length discrepancy (LLD). This relationship can be
expressed by the regression equation: LLD = 0.038x — 0.099y + 0.257, where x represents the difference in
postoperative FO and y represents the difference in postoperative bilateral RCH, measured in centimeters.
Additionally, reconstructing FO makes it easier to achieve equal lengths in the lower limbs ™. The primary
weakness of our study is its retrospective design, which did not include full-length photographs of patients’
lower limbs, thus we were unable to predict and verify the value of LLD in postoperative patients using this
formula. Additionally, the inclusion criteria were limited to four common THA indications: femoral neck
fracture, hip osteoarthritis, femoral head osteonecrosis, and DDH. Research is lacking on whether DAA surgery
is equally effective for other indications. Moreover, excluding patients over 80 years may introduce selection
bias, artificially reducing the number of recorded postoperative complications. Furthermore, all patients in the
study underwent hip replacement by the same joint surgeon, which included his learning curve “". Therefore,
phased comparisons may be necessary to analyze the data results more effectively .

In future work, we will enhance the postoperative evaluation index to include various levels of orthopedic
surgeons, and we will also verify the effects of other surgical approaches on patient outcomes through further
prospective randomized controlled trials.

5. Conclusion

In short, DAA may effectively control LLD after THA, resulting in less blood loss and shorter incisions, though

it may require longer operative time.
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