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ABSTRACT

Objectives: The leg length (LL) and femoral offset (FO) discrepancy 
following total hip arthroplasty (THA) are important factors for 
postoperative outcomes and restoring native hip biomechanics is 
essential for THA. Hip capsular ligament contributes to joint stability; 
however, there are few studies about the influence of ligament 
preservation on LLD and FO following THA. Methods: We conducted 
a retrospective study involving 60 patients who underwent primary 
THA using a short stem through the anterolateral approach between 
June 2016 and August 2018. From August 2017, we preserved the 
vertical band of iliofemoral ligament and the pubofemoral ligament 
in THA, and the compared pre- and postoperative radiographic 
LLD and FO difference between the ligament preservation (n = 
30) and ligament excision (n = 30) groups. Results: Postoperative 
LLD was significantly smaller in the ligament preservation than in 
the ligament excision group. The ratio of excessive LLD and FO 
difference was lower in the ligament preservation group than the 
ligament excision one. Conclusion: The preservation of the hip 
capsular ligament suppressed the increased LLD and FO difference. 
Level of Evidence II; Prognostic Study - Investigation of the 
Effect of a Patient Characteristic on the Outcome of a Disease.

Keywords: Arthroplasty. Arthroplasty, Replacement, Hip. Ligaments. 
Leg Length Inequality.

RESUMO

Objetivos: A discrepância do comprimento da perna (CP) e do offset 
femoral (OF) após a artroplastia total do quadril (ATQ) são fatores importan-
tes para os resultados pós-operatórios, e a restauração da biomecânica 
original do quadril é essencial para a ATQ. O ligamento capsular do quadril 
contribui para a estabilidade articular; entretanto, existem poucos estudos 
sobre a influência da preservação ligamentar no LLD e FO após ATQ. 
Métodos: Realizamos um estudo retrospectivo envolvendo 60 pacientes 
submetidos à ATQ primária com haste curta por via anterolateral entre 
junho de 2016 e agosto de 2018. A partir de agosto de 2017, a banda 
vertical do ligamento iliofemoral e do ligamento pubofemoral na ATQ 
foram preservadas e compararadas à diferença de LLD e FO radiográficas 
pré- e pós-operatórias entre os grupos de preservação ligamentar (n = 
30) e excisão ligamentar (n = 30). Resultados: O LLD pós-operatório 
foi significativamente menor no grupo de preservação do ligamento 
que no grupo de excisão do ligamento. A razão de diferença de LLD 
e FO excessivas foi menor no grupo de preservação do ligamento do 
que no grupo de excisão do ligamento. Conclusão: A preservação do 
ligamento capsular do quadril suprimiu o aumento da diferença de LLD 
e FO. Nível de evidência II; Estudo Prognóstico - iIvestigação do 
Efeito da Característica de um Paciente no Desfecho da Doença.

Descritores: Artroplastia. Artroplastia de Quadril. Ligamentos. 
Desigualdade de Membros Inferiores.
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INTRODUCTION

Total hip arthroplasty (THA) is an effective treatment for hip osteoar-
thritis (OA) in long-term studies;1,2 however, hip dislocation is a major 
complication which severely decreases patient satisfaction following 
THA.3 Lower leg length and offset decrease the soft tissue tension 
and increase risk of dislocation;4 thus, surgeons have to be careful 

not to reduce leg length and offset after THA. In previous studies, 
the leg length of the operative side tends to be longer than that of 
the contralateral side after THA.5 However, more than 10 mm leg 
length discrepancy (LLD) decreases patient satisfaction following 
THA, and excessive LLD is associated with many postoperative 
complaints such as lower back pain, abnormal gait, decreased 
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Figure 1. Measurement of leg length and offset discrepancy. Line A is 
the trans-teardrop line. Line B is the lesser trochanter line. Line C is the 
anatomic axis of the femur. Point X is the centre of the femoral head.

walking distance, and nerve palsies.6,7 An increased femoral offset 
(FO) showed positive effect on abductor muscle force in several 
studies;8 however, excessive FO leads negative effect such as thigh 
pain.9 Finally, the proper leg length and offset is an important factor for 
proper soft tissue tension and joint stability, and restoring normal hip 
biomechanics seems to be one of the most important goals of THA.10 
Joint instability leads to the risk of postoperative dislocation and 
increased revision rate.11 The joint capsular ligament is an important 
factor for hip joint stability, and some authors reported that the 
excision of capsular ligament increased joint instability in cadaveric 
studies.12,13 Previous studies reported that restoring native leg length 
and offset was improved by using navigation systems,14 intraoperative 
radiographic fluoroscopy.15 However, there are no studies regarding 
the relationship between the preservation of hip capsular ligament 
and limb length discrepancy and hip offset differences.
The present study aims to investigate the relationship between 
hip capsular ligament and postoperative leg length and hip offset 
between patients after THA with a ligament excision procedure 
and those after THA with a ligament preservation procedure. We 
hypothesized that the patients who underwent THA with ligament 
preservation had suppressed postoperative LLD and FO difference 
compared to those who had THA with ligament excision. 

MATERIAL AND METHODS

Patients

The study protocol was approved by the ethics committee of our in-
stitution, and informed consent was obtained from all participants. 
The Institutional Review Board number of the published article was 
2018-26. This retrospective cohort study enrolled 164 consecutive 
patients with hip OA who underwent primary unilateral THA at our 
institutions between June 2016 and August 2018. Our inclusion criteria 
were patients who had substantial pain and difficulty in daily activities 
with hip OA and understood primary unilateral THA using a cement-less 
cup, G7 (Zimmer- Biomet, Warsaw, IN) cement-less short stem; Minima 
(Lima Corporate, Villanova, Italia), or Fitmore (Zimmer Biomet, Warsaw, 
IN, USA) through the anterolateral approach in the supine position. The 
exclusion criteria were active infection, revision THA, and operative 
history on the contralateral side. Of 164 patients, 4 patients underwent 
THA through the direct lateral approach because of severe OA with 
joint collapse, 10 patients underwent revision THA, 3 patients had 
rheumatoid arthritis, 2 patients had osteonecrosis, 4 patients had the 
history of hip fracture, 15 patients had the history of contralateral THA, 
6 patients underwent bilateral THA, and 62 patients underwent THA 
using other types of implants. Finally, 60 patients who met the criteria 
were included in this study (54 women and 6 men; age: 69.1 ± 10.4 
years, body mass index (BMI): 24.3 ± 4.8 kg/m2). From August 2017, we 
changed the surgical procedure from the ligament excision technique 
to the ligament preservation technique. Therefore, patients were divided 
into two groups: underwent THA with ligament excision procedure from 
June 2016 to July 2017 (excision group; n = 30) or underwent THA with 
ligament preservation procedure from August 2017 to August 2018 
(preservation group; n = 30). There was no significant difference in 
patient characteristics between the two groups (Table 1).

Operative procedures

One senior surgeon (T.F.) performed all surgeries. The patients 
were placed on a horizontal operative table in the spine position, 
and the anterolateral approach was performed. An approximately 
12-cm straight incision starting distally and behind the anterior 
superior iliac spine and proceeding to the greater trochanter and 
femur was made. The incision was deepened to the deep fascia, 
and the iliotibial muscle was incised along the skin incision and 
retracted anteriorly and posteriorly. The interval between the gluteus 
medius and vastus lateralis was spread using retractors that were 
placed under the gluteus medius superior to the capsule ligament, 
inferior to the femoral neck and anterior to the acetabulum.
In the ligament preservation group, the vertical band of the iliofemoral 
ligament and the pubofemoral ligament were completely preserved, and 
only the horizontal band of the iliofemoral ligament was excised to open 
a minimum window for visualization of the femoral head and acetabular 
roof. In the ligament excision group, all of the iliofemoral ligaments and 
pubofemoral ligaments were removed in the traditional procedure. 
According to preoperative templating, the femoral neck was cut 
upon acetabular exposure, and the acetabulum was reamed and 
the cup was implanted. Reaming and implantation of the femoral 
stem was performed according to preoperative templating. After trial 
reduction, a senior surgeon (T.F.) evaluated the joint stability using 
manual extension, internal rotation, and external rotation. When the 
dislocation was easily performed, the stem neck size was enlarged 
while checking limb length discrepancy and offset using intraoperative 
fluoroscopic imaging. After final implantation, the interval of muscles 
was directly sutured, and soft tissue and skin were closed in layers.

Radiographic measurement

Preoperative and postoperative antero-posterior radiographs of 
the pelvis were obtained in a supine position with 15° internal 
limb rotation. Measurements on the radiographs were performed 
using a PACS client (IMPAX EE, AGFA HealthCare GmbH, Bonn, 
Germany). The distance between the trans-teardrop line and the 
most prominent aspect of the lesser trochanter line was measured, 
and the difference between operative side and non-operative side 
was obtained as LLD. The femoral offset was measured as the 
distance between the centre of femoral head and the anatomic axis 
of the femur line (Figure 1). All radiographies were assessed by two 
investigators (MF, TF), and all measurements were performed twice 
one month apart to evaluate the intra-observer and inter-observer 
variability. The intraclass correlation coefficient was 0.84–0.91 
(intra-observer) and 0.81–0.88 (inter-observer).

Table 1. Patients’ characteristics.
Characteristic Preservation group Excision group P-value

Number of cases 30 30
Sex, female / male 28 / 2 26 / 4 0.39

Age, years 68.4 ± 11.3 69.8 ± 9.5 0.61
Height, cm 152.4 ± 7.7 152.8 ± 8.2 0.88
Weight, kg 54.2 ± 11.9 58.8 ± 11.7 0.14

Body mass index, kg/m2 23.3 ± 4.7 25.2 ± 4.4 0.12
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Statistical analysis
Outcomes were reported as mean ± standard deviation (SD). Statis-
tical analysis was performed using StatView 5.0 (Abacus Concepts 
Inc., Berkeley, CA, USA). The Student t-test was used to compare LLD 
and FO between the ligament preservation group and the ligament 
excision group following THA. Mann-Whitney’s U test was used to 
compare the ratio of postoperative excessive LLD and FO difference 
between two groups. Post-hoc power analysis was performed using 
G*Power 3. The present study had 0.86 power(1-β) to detect a dif-
ference in 0.80 effect size at the p < 0.05 level.

RESULTS

(Table 2) shows the summary of LLD. Postoperative LLD was 
significantly smaller in the ligament preservation group than in the 
ligament excision group (0.6 ± 3.4 mm in preservation group and 
3.6 ± 7.3 mm in excision group). The rate of excessive LLD following 
THA was significantly smaller in the preservation group than in the 
excision group; more than 5mm and 10mm were 6.7% (2/30 cases) 
and 0% (0/30 cases) in preservation group, and 30.0% (9/30 cases) 
and 16.7% (5/30 cases) in excision group. The rate of excessive LLD 
following THA was significantly smaller in preservation group than 
excision group. The absolute LLD and ratio of excessive absolute 
LLD following THA were also significantly smaller in the preservation 
group than in the excision group. 
(Table 3) shows the summary of FO. Postoperative FO overlengthen-
ing was suppressed in the ligament preservation group (-1.1 ± 4.9 mm 

in preservation group and 1.4 ± 5.6 mm in excision group), but 
not significantly. However, the rate of more than 5mm FO differ-
ence following THA was significantly smaller in the preservation 
group than in the excision group. Postoperative FO difference of 
more than 5mm and 10mm were 20.0% (6/30 cases) and 3.3% 
(1/30 cases) in the preservation group, and 40.0% (12/30 cases) 
and 6.7% (2/30 cases) in the excision group. The absolute FO 
difference and ratio of excessive absolute FO difference following 
THA was also smaller in the preservation group than in the excision 
group, but not significantly.

DISCUSSION

The main finding of the present study is that patients who un-
derwent THA with ligament preservation showed significantly 
smaller postoperative LLD compared with those after THA with the 
ligament excision procedure. In addition, the rate of excessive LLD 
and FO difference following THA was significantly smaller in the 
preservation group than in the excision group. The absolute LLD 
also showed significant suppression in the ligament preservation 
group. These results confirmed our prior hypothesis. This study 
is the first to assess the effect of preservation of hip capsular 
ligament on the postoperative LLD and FO in THA in the supine 
position. Our result suggested that the preservation of hip capsular 
ligaments improves the LLD and FO difference and contributes 
to patient satisfaction following THA.
Slightly increased leg length and offset contain the proper soft 
tissue tension and decrease the risk of dislocation.4,16 However, 
excessive LLD leads to various complaints such as lower back 
pain, abnormal gait, decreased walking distance and nerve pal-
sies,6,7 and more than 10 mm LLD decreases patient satisfaction.17 
In addition, more than 5mm FO increases soft tissue tension, 
diminished pain relief 9 and linear wear.18 Therefore, restoring 
normal leg length and offset without overlengthening is important 
to obtain adequate soft tissue tension and patient satisfaction.19,20 
In the present study, the rate of more than 5mm and 10mm LLD 
was significantly smaller in the preservation group than in the 
excision group, and the rate of more than 5mm FO difference 
was smaller in ligament preservation group. 
The hip capsular ligaments were important components for 
stability of the joint, and iliofemoral ligament and pubofemoral 
ligament especially control the external rotation mobility.21 Van 
Arkel et al. suggested that the anterior ligament with its straight 
line of action directly contributes to restraining hip laxity following 
THA, compared to the posterior ligament which requires wrap-
ping tightly around the surface of the femoral head.22 Myers et 
al. showed that excision of the iliofemoral ligament resulted in 
increased external rotation and anterior translation of femoral 
head in all flexion angles compared to the intact state.23 In the 
present study, the preserved iliofemoral ligament and pubofemoral 
ligament seemed to improve joint stability, positively influence 
intraoperative evaluation of joint laxity, and contribute to restoring 
native hip biomechanics.
Our study has some limitations. First, intraoperative joint laxity 
was evaluated by 1 senior surgeon. The evaluation of intraoper-
ative joint stability require the high experience of joint surgery,3 
thus senior surgeon is required for proper procedure. Second, 
we only measured leg length and offset radiographically. The 
slight difference of hip position can cause substantial errors 
in the radiographic measurement of leg length and offset, so 
further study using Computed Tomography scans is desired. 
Third, our study did not evaluate clinical outcomes. The eval-
uation of clinical scores and patient satisfaction is required 
in the future.

Table 2. Comparison of leg length discrepancy and excessive discrepancy 
ratio between ligament preservation group and ligament excision group.

Preservation group Excision group

LLD, mm Mean ± SD Mean ± SD p-value

Preoperative -5.1 ± 3.8 -5.2 ± 6.2 0.92
Postoperative 0.6 ± 3.4 3.6 ± 7.3 < 0.05

Excessive LLD ratio Mean ± SD Mean ± SD p-value

More than 5mm 2 / 30 (6.7 %) 9 / 30 (30.0 %) < 0.05
More than 10mm 0 / 30 (0.0 %) 5 / 30 (16.7 %) < 0.05

Absolute LLD, mm Mean ± SD Mean ± SD p-value

Preoperative 5.2 ± 3.7 6.3 ± 5.0 0.32
Postoperative 2.9 ± 1.8 5.4 ± 6.0 < 0.05

Excessive absolute LLD ratio Mean ± SD Mean ± SD p-value

More than 5mm 3 / 30 (10.0 %) 10 / 30 (33.3 %) < 0.05
More than 10mm 0 / 30(0.0 %) 5 / 30 (16.7 %) < 0.05

LLD: leg length discrepancy; SD: standard deviation.

Table 3. Comparison of femoral offset difference and excessive difference 
ratio between ligament preservation group and ligament excision group.

Preservation group Excision group

FO difference, mm Mean ± SD Mean ± SD p-value

Preoperative 0.7 ± 4.2 0.3 ± 5.5 0.70
Postoperative -1.1 ± 4.9 1.4 ± 5.6 0.07

Excessive FO difference ratio Mean ± SD Mean ± SD p-value

More than 5mm 2 / 30 (6.7 %) 8 / 30 (26.7 %) < 0.05
More than 10mm 0 / 30 (0.0 %) 2 / 30 (6.7 %) 0.15

Absolute FO difference, mm Mean ± SD Mean ± SD p-value

Preoperative 3.5 ± 2.4 4.1 ± 3.7 0.48
Postoperative 4.1 ± 2.8 4.6 ± 3.4 0.52

Excessive absolute 
FO difference ratio

Mean ± SD Mean ± SD p-value

More than 5mm 6 / 30 (20.0 %) 12 / 30 (40.0 %) 0.09
More than 10mm 1 / 30 (3.3 %) 2 / 30 (6.7 %) 0.56

FO: femoral offset; SD: standard deviation.
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CONCLUSION

In conclusion, the preservation of the vertical band of the iliofemoral 
ligament and pubofemoral ligament contribute to restoring the 
native leg length and offset following THA.
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