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Background: Limb length discrepancy (LLD) is one of the most common postoperative

complications and can cause serious consequences. Poor recovery of femoral offset

(OD) will result in weakness of the patient’s external rotator muscles and affect the

patient’s postoperative function. The study is aimed to present a simple approach that

compensates for the shortcomings of previous measuring devices and combines the

advantages of different measuring devices to provide more accurate limb length and

femoral offset restoration in total hip arthroplasty (THA).

Methods: This study was a prospective controlled trial involving 89 patients with THA.

Group I (n= 44) was used for intraoperative measurement of THA with our self-designed

horizontal calibrator. Group II (n= 45) was measured by a traditional freehand technique.

The main outcome indicators were measured on the Neusoft PACS, including LLD,

femoral offset deviation, and operative time. IBM SPSS 23.0 was used for data analysis.

Results: The independent sample t-test was performed for all the data. The operative

time, preoperative radiographic LLD, and OD of Group I and Group II had no statistical

significance. Postoperative LLD of Group I and Group II were 2.5 ± 2.1mm (range −5.7

to 8.3mm) and 6.2 ± 4.3mm (range −18.0 to 15.2mm), and the independent sample

t-test data of both (P < 0.001; 95%CI = −5.1, −2.2) showed statistical significance. In

Group I, there were 38 THAs with LLD <5mm, accounting for 86% and there were 44

THAs with LLD <10mm, accounting for 100%. In Group II, there were 20 THAs with LLD

<5mm, accounting for 44%. There were 36 THAs with LLD <10mm, covering for 80%.

There was no significant difference in postoperative femoral offset and OD.

Conclusion: The horizontal calibrator can provide more accurate limb length and

femoral offset recovery in THA. It is a simple surgical technique that does not add

additionally surgical costs and does not significantly increase operative time, providing a

new solution for surgeons to resolve postoperative LLD and restore femoral offset.
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INTRODUCTION

Total hip arthroplasty (THA) is the most successful and cost-
effective orthopedic surgery for patients with end-stage hip
arthritis that relieves pain, restores function and improves quality
of life (1). Limb length discrepancy (LLD) is one of the most
common causes of lawsuit after THA in the United States (2).
LLD may lead to biomechanical changes in the hip joint, gait
dysfunction, low back pain, sciatica, instability, and increased risk
of dislocation (3). The incidence of LLD after primary THA has
been reported to be 1–27%, with an average of 3–17mm and
a range of 3–70mm (1, 4). The research results of Fujita et al.
(5) showed that 7mm might be a reasonable threshold to reduce
residual discomfort.

Although preoperative and postoperative LLD can be
reliably measured by clinical examination and radiographs,
intraoperative assessment of LLD is difficult (4). Various
measurement techniques have been used to evaluate limb
length intraoperatively. The freehand technique is a widely used
technique, but it reveals great interobserver and intraobserver
variability (6). Preoperative templates are also widely used, and
digital templates have emerged to make the operation more
convenient and the results more accurate (7, 8). But studies have
shown that in up to 60% of the cases, the preoperative template
cannot accurately predict the correct size of the implant (9). Some
studies have also reported the use of intraoperative radiography
to assess limb length and offset, but the postural requirements
are greatly high (10, 11). Intraoperative navigation may yield
satisfying results, but its application is limited by the difficulty
of finding anatomical navigation points in obese patients and
the high price (6). Also some studies reported no difference in
leg length balance between computer-assisted and conventional
THAs (1). Most surgeons use a variety of devices to accurately
measure the length of the neck and the angle of the osteotomy,
as well as devices that are attached to the pelvis to determine
changes in the length of the implant after it has been placed
(12, 13). However, there are limitations in obese patients, and the
complications of pelvic fixation have been reported (3, 14).

The mechanical relationship between the abductor tissue and
the direction of the femur is known as femoral offset (OD). OD is
the distance from the center of the femoral head to the shaft axis
of the femoral component. Inadequate reduction of OD results in
decreased abductor tension and subsequent instability, thereby
affecting gait symmetry. In addition, inappropriate OD may
increase the risk of instability due to bone impingement. Fackler
and Pose found that femoral displacement was significantly
reduced in patients with postoperative dislocation and concluded
that lateral rather than distal femoral stalk displacement
enhanced stability. Since OD recovery is not physically obvious
to patients, it receives less attention intraoperatively than LLD,
and therefore less intraoperatively verified (15, 16).

The method based on the change of the position of the
reference point of the pelvis and femur is an effective way
to minimize LLD and OD recovery. Although there are many
devices designed according to this idea at the present such as:
Double-Stitch Technique (17), L-shaped caliper (18), LOOD
device (14), calipers dual pin retractor (19), they also have

obvious disadvantages, such as susceptibility to changes in
limb position, complex operation, poor measurement accuracy,
inconsistent anchor points, muscle contracture, and soft tissue
effects (1, 3, 4). This article proposes a simple method that
compensates for the shortcomings of previous measuring devices
(12, 13, 16, 17, 19–23) and combines the advantages of different
measuring instruments (14, 18, 24–30) to provide more accurate
limb length and recovery of OD. This technique involves careful
preoperative planning combined with the intraoperative use
of the Horizontal Calibrator plus a double reverse “U” pad.
According to a review of the literature (12–14, 16–26, 28–33),
no studies on the device have been published. We conducted
a prospective controlled study in our hospital to evaluate the
efficacy of this technique in reducing LLD and restoring OD
after THA.

MATERIALS AND METHODS

Patients
This study was a prospective controlled study. Since there
were no blind surgeons, so the use of a single blind. Due
to measurement tool design, production, validation, and other
reasons, the study was not randomized, yet was grouped
according to the time of admission. All patients were informed
of the risks and benefits of the trial, gave their consent
and signed an informed consent. Inclusion criteria: hip
osteoarthritis, development displasia hip, osteonecrosis of the
femoral head. Exclusion criteria: proximal femur/acetabular
fracture, hemorrhage, malignant tumor, local infection, lower
limb bone dysplasia, scoliosis, hip revision, or body intolerance
to surgery. This study was approved by the Ethics Committee
of Liaoning Provincial People’s Hospital and was registered in
the Chinese Clinical Trial Registry (ChiCTR2000038040) on
09/09/2020, retrospectively registered. Between 2019 and 2021,
we collected 89 THAs, all performed by the same orthopedic
surgeon. All acetabular prostheses were Trilogy IT (Zimmer,
Warsaw, In, USA), and all femoral prostheses were M\L Taper
(Zimmer, Warsaw, In, USA), with a modular head. The choice
of femoral prosthesis affects the judgment of limb length and
femoral offset during operation. Different types of implants have
different penetration depths and femoral offset, so the type and
manufacturer of femoral implants need to be controlled so that
they are not variable factors.

Measuring Technique
Radiological examination included an anteroposterior pelvic
radiograph with 15◦ internal rotation of both lower extremities.
Depending on the results of the physical examination, a lateral
radiograph of the hip and plain radiographs of the spine from
other perspectives may be required to detect rigid scoliosis. For
LLD measurement, a reliable method is used to measure the
vertical distance from the line connecting the lower edge of
the two tear drops to the innermost edge of the small rotor.
The difference between the measured values of the two sides
is the LLD (10). OD is measured by the distance between the
axis of femur and the center of the femoral head (Figure 1)
(1, 12). To achieve the accuracy of the measurement, all the
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FIGURE 1 | Preoperative X-ray templating All data measurements were made on Neusoft PACS. An anteroposterior (AP) positive view of the pelvis was obtained with

both lower extremities internally rotated at 15◦. For LLD measurement, a reliable method is to measure the vertical distance from the line connecting the lower edge of

the two teardrops to the innermost edge of the small rotor. The difference between the measured values of the two sides is the LLD. OD is measured by the distance

between the axis of the femur and the center of the femoral head. In the figure, the LLD was 9.58mm, the OD on the right was 46.79mm, and the OD on the left was

43.58mm.

measurements were carried out on Neusoft PACS (Neusoft
Corp., China).

Surgical Technique
To achieve the ideal limb length during the operation, we used
the horizontal calibrator plus a double-reverse “U” pad technique
to measure the limb length (Figures 3, 4). All operations were
performed in the posterior lateral decubitus position. Before the
surgery, the double-reverse “U” pad is placed between the legs
so that the healthy leg is placed into the lower groove. After
sterilizing the towel, the other parts except the acetabular side of
the Steinman pin are installed and connected and then set aside
(Figure 4b). After exposing and incising the pelvis–trochanter
muscles, the limb is placed in an extended position with the
affected leg in the upper groove, aligned with the axis of the body
and parallel to the ground in order to reproduce this position as
much as possible during surgery. At this point, the acetabular side
of the Steinman pin was driven into the acetabulum 3–5 cm above

the greater trochanter at 1 o’clock (right hip) or 11 o’clock (left
hip) as a static reference point (Figure 5a). The surgeon looked
for a bony projection in the middle of the intertrochanteric spine
of the axis of the femur as a reference point, extending toward
the most lateral part of the greater trochanter perpendicular to
the axis of the femur for diathermic or suture mark (Figure 5b).
The first connection is linked to the upper pelvis side of the
Steinman pin, and then another Steinman pin is fixed to the
second connection at the femoral side using the marker as a
reference. The surgeon reconfirmed that both the legs were in
the grooves of the double reverse “U” pad. The bubble level and
extension rod were adjusted so that the bubble of the level is
centered and the extension rod is parallel to the affected limb and
the longitudinal axis of the body (Figure 5c). The locking screw
was fixed sequentially, and the values were read and recorded
(Figure 5d). The other parts except the lateral acetabular wire
were removed and placed aside without disassembling, and the
operation was continued. After the installation of the test model,
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the measurement according to the above steps was repeated. If
the limb needs to be lengthened or shortened, it can be adjusted
directly according to the preoperative plan. The operative key
is to select the correct size of the combination of the femoral
component and the modular head so that this distance will
be exactly or as close as possible to the differential length
measured preoperatively.

FIGURE 2 | Comparison of postoperative LLD between group I and group II.

Data Collection and Analysis
The basic information of the patients, the operation time, the
anteroposterior radiographs of the pelvis before and 1–6 weeks
after the operation were collected, and the femoral deviation
and the difference and the LLD were measured and calculated
(Figure 1). Pelvic radiographs were reviewed within 6 weeks
after surgery because limb length had not been compensated
and muscle strength had not been fully restored 1–6 weeks after
surgery. Therefore, the data obtained are relatively real, avoiding
the influence of other factors. All difference in the measurements
were recorded as absolute values; however, compared to the
opposite side, the range of values also includes negative values for
shortening and positive values for lengthening. Two independent
observers recorded all the data before and after the operation,
respectively, and the final data was the average of the data
recorded by them, which was statistically calculated by the third
independent observer. SPSS 23.0(IBM Corp., USA) software was
used for independent sample T-test for statistical analysis.

RESULTS

A total of 44 cases of THA were involved in Group I. About 59%
of the patients were female, whose age and body mass index were
58.6 ± 9.4 years and 25.3 ± 3.3 kg/m2, respectively. A total of 45
THAs were included in Group II, 78% of the patients were female,
whose age and body mass index were 61.1± 11.5 years and 24±
3.4 kg/m2, respectively. Age of both (p = 0.483; 95%CI = −6.9,
2.0) and body mass index (p = 0.979; 95%CI = −0.1, 2.7) were
not statistically significant. The operative time of Group I and

FIGURE 3 | Structure diagram of the horizontal calibrator (a) is the front structure diagram of the horizontal calibrator, and (b) is the reverse structure diagram.

1—Sliding Scale, 2—Bubble Level, 3—Extension Rod, 4—Lock Screw, 5—Steinman pin, 6—Limb Fixture; 11—first main ruler, 12—second main ruler; 13—First

connecting part, 14—Second connecting part;111−0–6 cm ruler scale, 112—rectangular groove, 113—open accommodating groove, 114-lock hole; 121−6–12 cm

ruler scale, 122—lock hole groove; 131—first horizontal hole groove, 132—first three-way hole; 141—second horizontal hole groove, 142—second three-way hole;

31—extension rod, 32—connecting cylinder; 41—Threaded joint, 42—Holding part; 51—Lateral pelvic long Steinman pin, 52—Femoral Steinman pin. (c) Double

reverse “U” pad.
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FIGURE 4 | Physical diagram of the horizontal calibrator. (a) Shows all the components of the horizontal calibrator. See Figure 3 for details. (b) Shows the complete

connected physical diagram of the horizontal calibrator, which was reserved preoperatively.

Group II (p = 0.08; 95%CI = −5.7, 12.9) were 83.4 ± 24.3min
and 79.8 ± 19.5min, respectively, without statistical significance
(Table 1). The preoperative radiographic LLD of Group I (mean
± SD = 9.6 ± 7.1mm, range −51.0 to 19.7mm) and Group II
(mean ± SD = 10.0 ± 8.8mm, range −21.9 to 32.0mm) were
examined by the independent T-test, and the data (p = 0.686;
95%CI=−3.8, 3.0) showed no statistically significant difference.
There were 14 THAs with LLD<5mm inGroup I preoperatively,
accounting for 32%. There were 29 cases with LLD <10mm,
accounting for 66%. In Group II, there were 17 cases with LLD
<5mm before operation, accounting for 38%. There were 26
cases with LLD <10mm, accounting for 58%. Therefore, there
was no significant difference in preoperative radiographic LLD
between Group I and Group II. Postoperative LLD of Group I
and Group II were 2.5± 2.1mm (range−5.7 to 8.3mm) and 6.2
± 4.3mm (range −18.0 to 15.2mm), respectively. Independent
t-test data of the two groups (p < 0.001; 95% CI = −5.1, −2.2)
showed statistical significance (Figure 2). In Group I, 38 THAs
with LLD <5mm, covering for 86% and LLD <10mm in 44
cases, covering for 100%were observed. In Group II after surgery,

there were 20 THAs in LLD <5mm, accounting for 44% and
there were 36 cases with LLD <10mm, accounting for 80%
(Table 2).

After independent T-test of preoperative imaging OD of
Group I (mean ± SD: 36.3 ± 6.2mm, range 23.8–48.5mm) and
Group II (mean± SD: 36.3 ± 9.0mm, range 17.8–57.3mm),
the data (p = 0.052; 95%CI = −3.2, 3.3) was not statistically
significant. The imaging OD of Group I and Group II were
(mean ± SD: 42.0 ± 6.1mm, range 31.0–53.1mm) and (mean
± SD: 43.9 ± 6.8mm, range 30.4–56.7mm), respectively. The
independent t-test data of the two groups (p = 0.548; 95%CI
= −4.6, 0.8) showed no statistical significance. In addition, we

also conducted independent t-test analysis of the OD difference
before and after surgery. Results of Group I (mean ± SD: 7.6
± 5.9mm, range −17.5 to 21.3mm) and Group II (mean ±

SD: 9.4 ± 7.1mm, range −9.8 to 29.0mm) showed no statistical
significance (p= 0.171; 95%CI=−4.6, 1.0) (Table 3).

DISCUSSION

In our design, several aspects stand out. First, the design of the
double-reverse “U” shape pad is added to solve the problem
that the body position is susceptible to change during the
measurement process. It refers to the idea of adding a cotton
pad between the two legs by Huddleston (24). This design only
replaces the bench that is normally placed between the calves
and does not increase the time and complexity of the operation.
Second, the position of the reference points on the pelvis and the
femur is different, and the line between the two reference points is
generally not parallel to the extension axis of the limb. Therefore,
the limb elongation determined by previous methods does not
match the real limb elongation. In our design, extension bars are
added on both sides of the calibrator, which can effectively keep
the limb in the same horizontal position during the intraoperative
measurement. The extension rod has been attached before the
skin is cut and does not increase the time spent in the position.
Shiramizu et al. (18) also expressed similar views. Third, to avoid
changes in the position of the pelvis and the femur side, we
chose the two points as fixed points. On the pelvic side, the
insertion point of the Steinman pin was selected at 1 o’clock
(right hip) or 11 o’clock (left hip) of the acetabulum, and it
was 3–5 cm above the greater trochanter, which was close to the
center of hip rotation. Many studies have shown that the closer
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FIGURE 5 | Intraoperative measurement of the horizontal calibrator. A lateral acetabular wire was inserted 3–5 cm above the greater trochanter at 1 o ’clock (right hip)

or 11 o ’clock (left hip) as a static reference point in (a). The surgeon looks for a bony projection in the middle of the intertrochanteric spine of the femoral shaft as a

reference point in (b). It was made sure that both lower legs are in the grooves of the double reverse “U” pad. The bubble level and extension rod were adjusted so

that the bubble of the level is centered and the extension rod is parallel to the affected limb and the longitudinal axis of the body (c). The locking screw was fixed

sequentially, the values were read and recorded (d).

TABLE 1 | Baseline table of patients.

Types Group I

(n = 44)

Group II

(n = 45)

p 95%CI

Age (years) 58.61± 9.37 61.07± 11.54 0.483 −6.89, 1.98

Female (%) 59% 78%

Body mass index (Kg/m2) 25.27 ± 3.32 24± 3.35 0.979 −0.14, 2.67

Operation time (minutes) 83.39± 24.3 79.8± 19.52 0.08 −5.69, 12.86

the acetabular measurement point is to the center of rotation,
the smaller the measurement error (13, 34). Ranawat et al. (25)
also described placing the Steinmann pin vertically in the groove
below the ischium of the acetabulum and thus close to the center
of rotation. This has been shown to reduce measurement error,
even though small changes in limb position, result in a mean
postoperative LLD of 2.6mm. The selected point on the femoral

side is a bony process in the middle of the intertrochanteric spine
as the reference point and the intersection point extending to
the most lateral part of the greater trochanter perpendicular to
the axis of the femur. Fourth, in the sliding body part of the
calibrator, we have a scale with an accuracy of 1mm so that the
increased or decreased limb length during the operation can be
directly viewed, and also the measurement process can be fully
quantified. LOOD device described by Barbier et al. (14) and
L-shaped calipers described by Shiramizu et al. (18), although
they also have scales, have a poor accuracy and can only roughly
estimate the measured length. Fifth, a bubble level is placed above
the main body of the calibrator so that the calibrator is always
parallel to the ground during the measurement process, which
adds a second insurance for the measurement. Rice et al. (30)
also described that the horizontal bubble meter can make the
measurement more accurate. Sixth, to avoid the loosening of the
needle, we added a thread at the end. Takigami et al. (19) adopted
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TABLE 2 | Comparison of radiographic LLD.

Groups Mean ± SD (mm) Range (mm) <5mm <10mm P 95%CI

Preoperative Group I 9.55 ± 7.05 −51.03–19.68 n = 14(32%) n = 29(66%) 0.686 −3.76, 2.95

Preoperative Group II 9.95 ± 8.76 −21.94–32 n = 17(38%) n = 26(58%)

Postoperative Group I 2.51 ± 2.09 −5.71–8.34 n = 38(86%) n = 44(100%) <0.001 −5.07, −2.21

Postoperative Group II 6.15 ± 4.29 −17.98–15.16 n = 20(44%) n = 36(80%)

TABLE 3 | Comparison of radiographic OD.

Groups Mean ± SD

(mm)

Range (mm) P 95%CI

Preoperative Group I 36.29 ± 6.2 23.8–48.45 0.052 −3.23, 3.29

Preoperative Group II 36.26 ± 8.99 17.8–57.27

Postoperative Group I 41.99 ± 6.1 30.98–53.1 0.548 −4.62, 0.82

Postoperative Group II 43.89 ± 6.79 30.44–56.73

Difference Group I 7.61 ± 5.94 −17.47–21.29 0.171 −4.56, 0.97

Difference Group II 9.4 ± 7.12 −9.78–28.99

a triangular-shaped design with double needles and screw ends
to avoid intraoperative loosening of the measuring device,
but at the same time increased surgical trauma.

Preoperative planning and surgical precision are important
factors for THA success. How to minimize LLD while
maintaining hip stability is a common challenge. Many studies
(11, 13, 14, 16–25, 27–37) have been published to describe
techniques for LLD management. Freehand techniques are
widely used, including intraoperative clinical assessment of soft
tissue tension and comparison with contralateral leg position.
The literature has identified 933 cases of primary THA in which
the freehand technique was used for intraoperative limb balance,
with a mean postoperative LLD of 4.42mm (16). Intraoperative
procedures assessing soft tissue tension as an indicator of limb
length, such as the Shuck or Dropkick test, may be biased
by the patient’s position or even the type of anesthesia (38).
The dependent position is reproduced when compared to the
contralateral leg, and a single palpation marker through asepsis
may be inaccurate (39).

The method (12–14, 16–26, 28–33) based on the change of
the position of the reference point of the pelvis and femur
is an effective way to minimize LLD. A review by Desai
et al. (4) concluded that intraoperative calipers combined
with preoperative templates is a reliable method to overcome
postoperative LLD after THA. The average LLD calculated using
intraoperative calipers in literature was 2.89mm. Shiramizu
et al. (18) reported straight calipers and improved L-calipers,
and conducted a prospective study of 100 THAs. The results
showed that the mean value of L-calipers group was 1.7 ±

1.6mm, and the mean value of the straight calipers group was
6.2 ± 4.1mm. Enke et al. (16) made a single incision on the
ilium and the most lateral margin of the greater trochanter
as a reference point, and conducted a retrospective study of

101 cases of unilateral THA. The results showed that the
mean absolute difference (LLD) of the leg length after surgery
was 2.51mm, and the mean deviation difference was 2.39mm.
Nevertheless, this method is far from the center of acetabular
rotation, which increases measurement error and additional
trauma. Gupta and Papadopoulos et al. (12, 17) described a
double-stitch technology, that is, tie a knot with silk thread
on the skin about 10 cm from the proximal end of the great
trochanter, and then draw the other end with vascular forceps
to make a diathermic mark on the most lateral edge of the great
trochanter. They performed 60 THAs using this technique and
showed a mean postoperative LLD of 1.58mm (range −8mm to
7mm). The technique is simple but susceptible to soft tissue and
3D space.

Inadequate OD reduces soft tissue tension and increases
the risk of dislocation. Restoring this soft tissue tension by
increasing the length of the femoral neck may increase the length
of the leg. A large offset increases the risk of rotor bursitis
and adduction tendinitis. The average cervical stem angle of
adult males was 129.6◦(range 113.2◦-148.2◦) and that of adult
females was 131.9◦(range 107.1◦-151.9◦). Patients with cervical
stem value significantly lower than this value could have hip
varus, and vice versa (3). Woolson et al. (40) argued that
excessive leg lengthening to increase stability was unacceptable.
Contrary to the rationalization of the theory that inadequate
soft tissue tone leads to increased postoperative stability, their
study found that patients with short legs did not have an
increased incidence of postoperative dislocation compared with
patients with long or similar legs. Studies have confirmed that
abnormal lever arms increase the wear of polyethylene in the
prosthesis, which may lead to aseptic loosening (12). Kurtz
(13) described the in situ femur measurement technique, which
refers to the implantation of the femoral prosthesis before
the femoral neck osteotomy without dislocation of the hip
joint so that the implanted femoral prosthesis can be used to
measure the LLD and OD. Ninety-three patients (100 hips)
were treated with this technique and the difference between the
in situ measurements and the preoperative and postoperative
radiographic measurements was a mean leg length of 0.1mm and
aODof 0.4mm. Thismethod is as close as possible to the rotation
center of the hip joint, and the fixation pins on the acetabulum
are not easy to come off. But the technology’s complexity has
limited its widespread use. Although our technique did not show
statistically significant differences in the recovery of OD, our
Group I patients performed better than Group II after surgery.
Next, we will continue to improve the device by installing
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a vortex-like structure on the measuring body to accurately
measure the femoral offset.

There are some flaws in our study. First of all, the outcome
indicators in our study only collected imaging and basic patient
information, without measuring structural limb length and
functional scoring. We simply pursued the absolute equality of
the limbs in imaging, ignoring the patient’s feelings. The study of
Fujita et al. (5) showed that patients with little or no LLD after
THA still felt uncomfortable with their leg length due to residual
pelvic inclination. Secondly, although we added extension rods
and double-reverse “U” shaped pads to ensure that the patient’s
position did not change, for some obese patients, it was still not
possible to ensure that their position did not change during the
operation because the side stopper could not be fixed. Finally, our
technique still requires a learning curve, adding 3–5min to the
traditional method.

CONCLUSION

The horizontal calibrator can provide more accurate limb length
and femoral offset recovery in THA. It is a simple surgical
technique that does not add additional surgical costs and does not
significantly increase operative time, providing a new solution for
surgeons to resolve postoperative LLD and restore femoral offset.
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