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Abstract

Background One of the causes of patient dissatisfaction after total hip arthroplasty (THA) is leg length discrepancy
(LLD). Even when radiographic LLD (R-LLD) is within 5 mm, some people perceive the affected side to be longer, while
others perceive it is shorter. The purpose of this study was to investigate the relationship between perceived LLD
(P-LLD), R-LLD, and Forgotten Joint Score (FJS-12) after THA.

Methods A retrospective study of 164 patients with unilateral hip disease was conducted. Based on P-LLD after
THA, they were classified into three categories: perceived short (PS 21 patients), no LLD (PN 121 patients), and per-
ceived long (PL 22 patients). On the other hand, based on R-LLD after THA, they were divided into < —5 mm (RS 36
patients),—5 mm <x<5 mm (RN 99 patients), and 5 mm > (RL 29 patients), respectively. The proportion of P-LLD in
the RN group was also evaluated. In each group, the relationship between P-LLD, R-LLD and FJS-12 was investigated.
Results After THA, the PL group had significantly worse FJS-12 (PS: 68.3 +26.2, PN: 750+ 20.9, PL: 473 +25.2,
P<.0001). In the R-LLD evaluation, there was no difference in FJS-12 among the three groups (RS: 73.7+21.1, RN:
70.0+24.5,RL: 67.7 +25.4, P<.53). The RN group perceived leg length to be longer (RN-PL) in 12.1% of cases, and the
RN-PL groups had significantly worse FJS-12 (RN-PS: 65.4 +24.8, RN-PN: 73.8+23.1, RN-PL: 41.8 + 27.6, P<.0001).
Conclusion One year after THA, patients with longer P-LLD had worse FJS-12, even if the R-LLD was less than 5 mm.

Keywords Leg length discrepancy (LLD), Forgotten joint score (FJS-12), Perceived leg length discrepancy (P-LLD),
Radiographic leg length discrepancy (R-LLD), Total hip Arthroplasty (THA)

Introduction

Total hip arthroplasty (THA) is one of the most success-
ful orthopedic surgery procedures [1]. The primary goal
of THA is to reduce pain and improve function, but it
is also hoped that the led length discrepancy (LLD) will
improve. LLD following THA has been linked to poor
functional outcome and patient satisfaction [2, 3]. The
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incidence of LLD following primary THA varies through-
out the literature and has been reported to range from 1
to 27%, which was the second most common reason for
litigation [2—4]. LLD evaluation includes both perceived
LLD (P-LLD) and radiographic LLD (R-LLD).

Behrend developed the Forgotten Joint Score (FJS-12)
in 2012 as a patient-reported outcome measure (PROM)
to assess prosthesis awareness, and it has been shown to
have a low ceiling effect [5]. Forgetting arthroplasty can
be viewed as a goal of arthroplasty, and it is thought to
maximize patient satisfaction [5]. Poor prognostic factors
of FJS-12 after THA include contralateral hip condition,
female sex, smoking, and knee joint effects [6—8]. On the
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other hand, there have been no reports of an association
between P-LLD or R-LLD and FJS-12.

We hypothesized that the FJS-12 at 1 year after THA
is worse if P-LLD and R-LLD are present. This study
was carried out to investigate the relationship between
P-LLD, R-LLD and FJS-12 at 1 year after THA.

Patients and methods
The study is retrospective study. The study included 205
patients with unilateral hip arthritis who underwent pri-
mary THA between April 2014 and December2021. All
patients were questioned in a questionnaire one year
after THA surgery. (Fig. 1). Exclusion criteria included
19 patients with < 1 year follow-up, 4 patients with blanks
on the questionnaire, 3 patients with high hip disloca-
tion (Crowe Type III 2 patients, Type IV, 1 patients), 11
patients with traumatic osteoarthritis, 3 patients with
pre-existing neurological diseases, and 1 patient with
contralateral hip fracture surgery. As a result, we exam-
ined 164 patients (male 26 patients, 138 female patients).
This study was performed in line with the principles
of the Declaration of Helsinki. The trial protocol was
approved by the Ethics Committee and Institutional
Review Board of Yamaguchi University Hospital (H2020-
068-2) and all patients provided informed consent.
P-LLD and R-LLD were evaluated 1 year after THA.
Age, gender, body mass index (BMI), surgical approach,
hip disease, global offset (GO), perioperative change in
leg length (AL), preoperative Cobb angle, preoperative
pelvic obliquity, FJS-12, and the Japanese Orthopedic
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Association Hip Disease Evaluation Questionnaire
(JHEQ) satisfaction [9] were also investigated.

Preoperative planning and surgery

For all patients, preoperative planning was done using a
computed tomography (CT)-based three-dimensional
templating system (ZedHip; LEXI, Tokyo, Japan), with
offset and leg length planned to be aligned with the
healthy contralateral side. The surgery was performed by
the same team, and the final offset and leg length were
determined based on preoperative planning. When lum-
bar scoliosis was observed, preoperative anteroposterior
lumber X rays were imaged with right and left lateral
flexion to investigate lumber stiffness of the lumber sco-
liosis. Due to pelvic obliquity and stiffness of lumber sco-
liosis, we determined the preoperative planning not to
make perceived leg length discrepancy. However, when
cases that intraoperative joint instability were concerned,
leg lengthening was performed minimally.

Radiographic analysis

Radiographic analysis was taken by one author (T.K)
not involved in the surgery. Anterior—posterior (AP)
radiographs were taken in the supine position before
surgery and 1-year after surgery. The X-ray beam was
focused on the pubic symphysis. Further, R-LLD was
measured at the lesser trochanter’s apex using the
lower margin of the teardrop as a reference line, which
is reproducible on the pelvis [10, 11] (Fig. 2a). R-LLD
defined the difference between the teardrop and lesser

Only unilateral symptom
All primary THA

Questionnaire survey is possible
205 patients

Between August 2014 and December 2021

Analyzed data
164 patients

l

Primary research Secondary research

P-LLD:1 year after THA
Perception short : PS group 21 patients
Perception nothing: PN group 121 patients
Perception long  : PL group 22 patients

Less than —5mm

5Smm or more

R-LLD:1 year after THA

— 5mm or more and
less than Smm :

Excluded: patients: n =41
* Follow-up shorter than 1 year 19
* Questionnaire blank 4
___________ »| ¢ High hip dislocation (Crowe Types Ill and IV) 3
*+ Traumatic osteoarthritis 11
¢ Medical history
Neurological disease 3
Contralateral hip fracture 1
RN group
99 patients
RS group 36 patients l
RN group 99 patients
RL group 29 patients Sub-analysis

P-LLD in the RN Group :1 year after THA

* Perception short : RN-PS group 9 patients
Perception nothing: RN-PN group 78 patients
Perception long  : RN-PL group 12 patients

PS, Perceived short; PN, Perceived normal; PL, Perceived long; RS, Radiographic leg length discrepancy Short;

RN, Radiographic leg length discrepancy Normal; RL; Radiographic leg length discrepancy Long;
P-LLD, perception leg length discrepancy, R-LLD, radiography leg length discrepancy

Fig. 1 Patient selection flowchart
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Fig. 2 Radiographic analysis

trochanter as measured on the operative vs non-oper-
ative side. The measurements were recorded to the
nearest 1 mm. Preoperative and 1-year postoperative
measurements were taken. The perioperative change in
leg length (AL) was defined as the difference between
preoperative R-LLD and postoperative R-LLD.

The offset was evaluated the global offset (GO). GO
was measured as the sum of femoral offset (FO) and
acetabular offset (AO) [12, 13]. FO, defined as the
perpendicular distance from the center of rotation of
the femoral head to the anatomical femoral axis, was
measured on AP pelvis radiographs both preopera-
tively and postoperatively (Fig. 2b). On the other hand,
AOQO, defined as the perpendicular distance from the
center of rotation of the femoral head to the line pass-
ing through the medial edge of the ipsilateral teardrop
perpendicular to the line passing through the lower
margins of the ischial tuberosity, was measured on AP
pelvis radiographs both preoperatively and postop-
eratively. GO was measured preoperatively and 1-year
postoperatively as the healthy side ratio (affected side
GO/healthy side GO) and the healthy side difference
(affected side GO — healthy side GO).

The angle between the bilateral iliac crests and the hor-
izontal reference line (a line drawn parallel to the floor)
was used to calculate pelvic obliquity [14] (Fig. 2c). Based
on previous reports, preoperative standing pelvic AP
X-rays were used for measurement, [15].

Standing frontal preoperative X-rays were used to
calculate Cobb angle. (Fig. 2d) The curve is calculated
by identifying the vertebral bodies at the superior and
inferior margins of the curve (also known as the termi-
nal vertebral bodies) [16]. Tangent lines are drawn from
the superior end plate of the superior vertebra and the
inferior end plate of the inferior vertebra.
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Patient-Reported Outcome Measure (PROM)

One year after THA, the JHEQ, FJS-12, and P-LLD
questionnaires were administered in all patients. In
the JHEQ satisfaction (Fig. 3a), dissatisfaction with the
patient’s current condition on each side is marked on a
visual analog scale (VAS) of 0 mm (complete satisfac-
tion) to 100 mm (complete dissatisfaction). Moreover,
the FJS-12 is made up of 12 questions (Fig. 3b), each
with a five-point Likert response format, and is scored
from O to 48. The raw score is normalized to a range of
0 (worst condition) to 100 points (best condition). In
previous reports, Using satisfaction as the anchor, the
Minimal clinically important difference (MCID) for the
FJS was 8.1, which was affirmed when adjusting for con-
founding [17]. The patients were evaluated for P-LLD
1 year after THA by completing the following question-
naire: Q1: Do either of your legs feel longer now? Yes
or no? Q2: If you answered “yes” to Q1, which leg is it?
Right or left?

Statistics analysis

In this study, data analysis was carried out using JMP ®
Pro 15 (SAS Institute Inc.). The statistical significance of
the differences between the three groups was determined
using ANOVA. A post-hoc test was performed for those
in which a significant difference was recognized. For the
statistics of nominal variables, the chi-square test was
used. Statistical significance was assigned for values of
P<0.05. Moreover, statistical data are presented as means
and standard deviations.

Results

In the P-LLD evaluation, 21 patients were assigned to
the group that perceived shorter leg length (PS group),
121 patients to the group that perceived no leg length
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o (b)FJs-12

(a) JHEQ satisfaction 1. Awareness in bed at night?

2. Awareness sitting on a chair for more than 1h?
—— - - 3. Awareness when you are walking for more than 15 min?
1. 1‘:,5;::,:' rate your current level of satisfaction as it pertains to your hip 4. Awareness bathing/shower?

5. Awareness traveling in a car?

Place an X on the continuum, where the left side represents complete satisfaction 6. Awareness climbing stairs?

and the right represents complete dissatisfaction. 7. Awareness Walkmg on uneven ground?

Complete Satisfaction Complete Dissatisfactiol 8. Awareness stand%ng up froma IOW Sittil’lg pOSitiOI‘l?

9. Awareness standing for long periods of time?
10. Awareness doing housework or gardening
11. Awareness taking a walk/hiking?
12. Awareness doing favorite sport?

Never, 0; Almost never, 1; Seldom, 2; Sometimes, 3; Mostly, 4

Fig. 3 Patient-Reported outcome measures

discrepancy (PN group), and 22 patients to the group
that perceived longer leg length (PL group) (Fig. 1). There
were no significant differences among the three groups
in terms of age, gender, BMI (kg/m?), surgical approach,
preoperative GO, or disease (Table 1). The PS group had
shorter preoperative and postoperative R-LLD than the
PN and PL groups (Preoperative R-LLD: PS: -15.3+1.3,

Table 1 Patient characteristics in P-LLD evaluation

PN: -8.8+0.8, PL:

-49+1.5, P<0.0001, Postopera-

tive R-LLD: PS: -7.5+£9.5, PN: -0.2+5.5, PL: -0.5+5.8,
P<0.0001).

Among three groups distributed based on the
P-LLD evaluation, there were no significant differ-
ences in AL, healthy side ratio of postoperative GO,
and healthy side difference, except for FJS-12 (Table 2).

PS Group PN Group PL Group Pvalue
(n=21) (n=121) (n=22)

Age (years) 66.1+124 656+113 69.4+10.0 0.37
Gender (%) 0.6

Male 4(19.7) 20 (16.5) 2(9.1)

Female 17 (81.0) 101 (83.5) 20(90.9)

BMI (kg/m?) 242445 240+4.8 229445 0.69
Approach (%) 0.83

PL 9(42.9) 54 (48.1) 7(31.8)

mwJ 2(9.5) 8(6.6) 2(9.1)

DAA 10 (47.6) 59 (48.8) 13 (59.1)

Preoperative R-LLD -153+13%P -88+0.8° 49+15° <.0001

Postoperative R-LLD 75495 02455 05+58° <.0001
Preoperative GO

Healthy side rate 1.0+02 1.0£0.1 1.0£0.1 0.29

Healthy side difference (mm) 08+12.0 -0.7+6.1 14+6.2 033
Diagnosis (%) 0.50

Primary  OA 10 (47.6) 70(57.9) 10 (45.5)

Secondary OA 9(429) 35(289) 8(364)

ONFH 2(9.5) 9(74) 3(13.6)

RDC 0(0.0) 6 (5.0) 0(0.0)

SIF 0(0.0) 1(0.8) 1(4.6)

P SPerceived short, PN Perceived normal, PL Perceived long

BMI Body mass index, PL Postlateral, mWJ modified Watson Jones, DAA Direct anterior approach

2 P<0.05,°P<0.05



Kawakami et al. BMC Musculoskeletal Disorders (2023) 24:440 Page 5 of 9
Table 2 Postoperative offset and the FJS-12 and JHEQ satisfaction in P-LLD evaluation
PS Group PN Group PL Group P value
(n=21) (n=121) (n=22)
AL(mm) 98+96 84+76 81+7.1 073
Postoperative GO
Healthy side rate 1.0+0.1 1.0+0.1 10401 0.80
Healthy side difference (mm) 13+£94 28+69 1.8+84 0.64
FIS-12 683+262° 7504209 4734252 <.0001
JHEQ satisfaction 9124122 90.5+16.5 83.6+22.9 0.20

PS Perceived short, PN Perceived normal, PL Perceived long
AL: Difference in preoperative and postoperative measured radiography leg length difference
GO Global offset, FJS-12 Forgotten Joint Score

JHEQ Japanese Orthopaedic Association Hip Disease Evaluation Questionnaire

2P<0.05°P<0.05
FJS-12 Scores
2.5
) * * PS
15 * = PN
1 N PL

(71777777774

I

PS PN Pl PS PN
Q2

1

PS PN P

Q1

* PL group was significantly worse than the PN and PS groups (P<0.05)
FJS-12, Forgotten Joint Score; PS, perception short; PN, perception nothing; PL, perception long
Fig. 4 Comparison Between Three Groups by The FJS-12 Question in P-LLD Evaluation

The FJS-12 1 year after THA was significantly lower in

the PL group compared to the PN and PS groups (PS:  P-LLD evaluation

Table 3 Preoperative cobb angle and pelvic obliquity angle in

68.3+26.2, PN: 75.0+20.9, PL: 47.3+25.2, P<0.0001).

On the other hand, JHEQ satisfaction did not differ sig- ;sfzr?)u P :)anr:;p :-:G;;;jp Palue
nificantly among the three groups (PS: 91.2+12.2, PN:
90.5+16.5, PL: 83.6+22.9, P=0.20) (Table 2). On all  Cobbangle 105+£10.2° 62+£7.1%° 11.0+74> 0004
items of FJS-12, the PL group performed significantly  Lumber Scoliosis (%) 0.004
worse than the PN and PS groups (Fig. 4). Normal 9(42.9) 72(59.5) 4(188)

In the P-LLD evaluation, preoperative Cobb angle Affected side 10476)  33(273) 11(500)
was significantly greater in the PL and PS groups Healthy side 2(9.5) 17(140)  7(31.8)
(Table 3). In addition, the PS group had a significantly Pelvic obliquity angle 46+36*° 23+20° 23+18° 0001
higher preoperative pelvic obliquity angle. The pro-  Pelvic obliquity (%) 0.15
portions of Lumber Scoliosis (Normal: Affected side: Normal 10476)  80(66.1)  12(54.6)
Healthy side) in the P-LLD groups including PS, PN, Tilt affected side 7(333) 25(0.7)  9(409)
and PL groups were PS (9:10:2), RN (72:33:17), and RL Tilt healthy side 4(19.5) 16(132)  1(46)

(4:11:7), respectively (P=0.004). The proportions pelvic
obliquity (Normal: Tilt affected side: Tilt Healthy side)
in the P-LLD groups including PS, PN, and PL groups

PS Perceived short, PN Perceived normal, PL Perceived long
2 P<0.05,°P<0.05

were PS (10:7:4), RN (80:25:16), and RL (12:9:1), respec-
tively. There was no significant difference in preopera-
tive Pelvic obliquity among the three groups (P=0.15).

One year after THA, In the R-LLD evaluation, 36
patients were distributed to the group with a radiography
leg length discrepancy of less than -5 mm (RS group),



Kawakami et al. BMC Musculoskeletal Disorders (2023) 24:440

99 patients to the group with more than -5 mm and less
than 5 mm (RN group), and 29 patients to the group with
more than 5 mm longer (RL group) (Fig. 1). There were
no significant differences between the three groups in
terms of age, sex, BMI (kg/mz), surgical approach, pre-
operative GO, or disease (Table 4). The RS group had
shorter preoperative R-LLD than the RN and RL groups
(RS:-16.8+1.8, RN: -0.4+3.1, RL: 7.2+ 3.5, P<0.0001).

One year after THA, among the three groups, AL was
significantly larger in the RL group than in the RS and
RN groups (PS: 6.1+8.9, PN: 84+7.7, PL: 12.0+5.1,
P=0.01) (Table 5). There was no significant difference in
the healthy side ratio or healthy side difference in post-
operative GO. The FJS-12 was not different between
the three groups 1 year after THA (PS: 73.7+21.1, PN:
70.0 +24.5, PL: 67.7+25.4, P=0.53). The JHEQ satis-
faction also did not differ significantly among the three
groups (PS: 88.8+19.1, PN: 90.2+16.9, PL: 89.1+154,
P=0.10).

The proportions of P-LLD (PS:PN:PL) in the R-LLD
groups including RS, RN, and RL groups were RS
(11:20:5), RN (9:78:12), and RL (1:23:5), respectively. In

Table 4 Patient characteristics in R-LLD evaluation

RS Group RN Group RL Group Pvalue
(n=36) (n=99) (n=29)
Age (years) 660+122 663+108 663+123 099
Gender (%) 093
Male 5(13.9) 16 (16.2) 5(17.2)
Female 31(86.1) 83(83.8)  24(828)
BMI (kg/mz) 252+45 234438 232+70 017
Approach (%) 047
PL 15(41.7) 44 (44.4) 11 (37.9)
mw)J 5(13.9) 6(6.1) 1(3.5)
DAA 16 (44.4) 49 (49.5) 17 (58.6)
Preoperative R-LLD -168+18°° -86+07° -76+17° <.0001
Postoperative R-LLD ~ -95+6.1* 044317 72+35° <0001
Preoperative GO
Healthy side rate 1.0+0.1 1.0+0.1 1.0+0.1 033
Healthy side difference -1.7+9.8 0.5+5.7 -08+76 025
Diagnosis (%) 0.29
Primary OA 19 (52.8) 51(51.5) 20 (69.0)
Secondary OA 15(41.7) 32(32.3) 5017.2)
ONFH 1(3.0) 909 4(13.8)
RDC 1(3.0) 5(5.1) 0(0.0)
SIF 0(0.0) 2(2.0) 0(0.0)

RS Radiographic leg length discrepancy Short, RN Radiographic leg length
discrepancy Normal,

RL Radiographic leg length discrepancy Long, PL Postlateral, mWJ modified
Watson Jones, DAA Direct anterior approach, GO Global offset, OA Osteoarthritis,
ONFH

2 P<0.05,° P<0.05
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Table 5 Postoperative offset and the FJS-12 and JHEQ

Satisfaction in R-LLD evaluation

RS Group RN Group RL Group Pvalue
(n=36) (n=99) (n=29)
AL (mm) 6.14£89° 84+77° 120£51*° 001
Postoperative GO
Healthy side rate 1.0+0.1 1.0+0.1 1.1+0.1 034
Healthy side difference  0.7+86 29+7.1 33+70 025
(mm)
FJS-12 7374211 700+245 6774254 053
JHEQ satisfaction 888+19.1 9024169 89.1+154 0.10

the sub-analysis in the RN group, FJS-12 was significantly
lower in the RN-PL group (RN-PS: 65.4+24.8, RN-PN:
73.8+23.1, RN-PL: 41.8+27.6, P<0.0001) and there was
no significant difference in the JHEQ satisfaction (RN-
PS: 94.6+£7.2, RN-PN: 90.1+17.6, RN-PL: 81.0+27.5,
P=0.10) (Table 6). When the three groups were com-
pared for each of the 12 items on the FJS-12, the RN-PL
group performed significantly worse than the RN-PS and
RN-PN groups on all items.

Discussion

The most important finding of this study was that
patients with longer P-LLD 1 year after THA had a worse
FJS-12. Even when the R-LLD was within 5 mm, 13.4%
of the patients thought the affected side was longer, indi-
cating that the FJS-12 was worse. Although previous
reports have shown that P-LLD reduces functional out-
come and patient satisfaction after THA [2, 3], the previ-
ous study did not mention that longer P-LLD was worse
than shorter P-LLD. The present study is valuable to us
because it elucidated the relationship between longer
P-LLD and worse FJS-12.

In the present study, the FJS-12 scores of the RN-PL
groups were significantly lower 1 year after THA. In
the RN group, the percentage was higher in the RN-PL
group (12.1%) than in the RN-PS group (9.1%). Accord-
ing to Konyves et al., longer leg length is more likely to
be recognized than shorter leg length after THA [18]. In
addition, Friberg et al. reported that approximately 80%
of unilateral hip arthropathy patients with sciatic symp-
toms had symptoms in the leg that were perceived longer
and that correcting the leg length inequality with an ade-
quate shoe lift and P-LLD improved the sciatic symptoms
[19]. These findings indicate that there are many cases
where patients have perceived leg length discrepancy and
believed that the affected side is longer than the other
side, even when there is little difference in radiography
leg length. In addition, P-LLD has been linked to chronic
back pain, the need for supplemental height, claudication,
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Table 6 Postoperative FJS-12 and JHEQ Satisfaction sub-analysis
RN-PS Groups RN-PN Groups RN-PL Groups P value
(n=9) (n=78) (n=12)
FJS-12 (range) 654 +24.8% (29.2-100) 73.8+23.1°(18.8-100) 4184276 (0-77) <0007
JHEQ satisfaction (range) 946+ 7.2 (80-100) 90.1+17.6 (6-100) 81.0+27.5(7-100) 0.10

RN Radiographic leg length discrepancy Normal, PS Perceived short, PN Perceived normal, PL Perceived long, FJS-12 Forgotten Joint Score

JHEQ Japanese Orthopaedic Association Hip Disease Evaluation Questionnaire
2 P<0.05,°P<0.05

and other adverse effects in patients [20, 21]. In the pre-
sent study, the PL and RN-PL groups performed worse
than the PS and PN groups on all FJS-12 items, indicating
that they are negatively affected in various daily life situa-
tions, such as resting, walking, and standing.

The PL groups performed poorly on the FJS-12, but
there was no statistically significant difference in the
JHEQ satisfaction among the three groups. The VAS rates
the JHEQ satisfaction as a single item, whereas the FJS-
12 rates 12 daily activities. These satisfaction surveys may
not be exactly the same. When patients who could not
walk before the surgery improved to walk 200-300 steps
per day postoperative, the satisfaction level is high but
FJS-12 is low. Patient satisfaction level may be different
from FJS-12 evaluation. Although more detailed research
is necessary to investigate differences scientifically, this is
beyond the purpose of the present study, which focuses
on leg length discrepancy.

The preoperative risk factors for P-LLD after THA
include pelvic obliquity, lumbar spine mobility, differ-
ence in knee flexum/recurvatum angle, and difference
in distance between the middle of the tibial plafond and
the ground [22, 23]. In the present study, the PL and PS
groups had larger preoperative Cobb angles than the
PN group. On the other hand, the PS group had a larger
preoperative pelvic obliquity angle than the PL and PN
groups. Based on the results of this study, it is consid-
ered necessary that attention should be paid to preop-
erative scoliosis in the future. In the present study, PL
group was a poor factor for postoperative FJS-12. There
was no significant difference in R-LLD between PL group
and PN group before and after the surgery. On the other
hand, scoliosis was more frequent in PL group than in
PN group. In cases of scoliosis with small preoperative
leg length difference, preoperative planning should be
done to ensure that leg lengthening is limited minimally
on the affected side. In the preoperative plan, the postop-
erative leg length difference should be within 5 mm com-
pared to the affected side. However, this is retrospective
study and may be biased in its examination of risk fac-
tors for P-LLD. In present study, it is clear that in order to
improve the FJS-12 the risk factors of PL should be con-
sidered, not the risk factors of PS.

According to Flecher et al., increasing offset after THA
can cause excessive muscle tension, pelvic lateral tilt, and
P-LLD [11]. On the other hand, Zhang et al. reported that
pelvic obliquity gradually improved 1 year after THA, as
did P-LLD [24]. In the present study, there was no signifi-
cant difference in the healthy side rate or difference in the
healthy side of postoperative GO among the PS, PN, and
PL groups. In this study, a CT-based three-dimensional
templating system was used for preoperative planning,
and the offset was planned to be no more than 10 mm
compared to the healthy side, so the effect of the offset
was considered minor.

P-LLD was involved in the FJS-12, whereas R-LLD was
not. P-LLD has been shown to produce an average of
3-17 mm of R-LLD [19.22]. On the other hand, Wylde
et al. reported that 30% of patients had P-LLD after THA
surgery, but only 36% had R-LLD, making assessing
P-LLD on imaging studies difficult [25]. Lazennec et al.
also reported that approximately 50%—60% of patients
have P-LLD regardless of the difference in anatomic
femoral length between the operative and nonoperative
sides, and this is true even when the difference is only
1 mm [20]. In the present study, 25.6% had a perceived
leg length discrepancy 1 year after THA, with 57.1% hav-
ing an R-LLD of less than 5 mm. These findings imply
that evaluating P-LLD by R-LLD is difficult and that
R-LLD was not involved in the FJS-12.

In the R-LLD evaluation, the RS group had shorter
preoperative R-LLD than the RN and RL groups. Also
AL was significantly larger in the RL group than in the
RS and RN groups). In the preoperative planning, the
postoperative leg length difference is within 5 mm com-
pared to the affected side, but in some cases where
intraoperative joint instability was a concern, leg length-
ening>5 mm was performed. Therefore, it is thought
that AL increased in the RL group.

This retrospective study has some limitations. First,
there is a possibility that loss of follow-up and selection
bias will be identified. Second, the condition of the knee
joint could not be evaluated and the total length of the
lower extremities could not be evaluated in some cases.
Thirdly, although preoperative planning was done in
three-dimensional planning, postoperative offset and leg
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length were evaluated only by plain radiographs. Tamura
et al. examined femoral length in patients with unilateral
hip osteoarthritis or developmental dysplasia of the hip
on CT and found potential asymmetry [26]. In the future,
it will be necessary to investigate the impact of femoral
length and knee joint on R-LLD. However, R-LLD and
P-LLD were also underrepresented in previous reports
[20, 26]. We believe that this study is important because
it is the first to suggest that the perception of longer leg
length discrepancy is a risk factor for the FJS-12.

Conclusion

One year after THA, patients with longer P-LLD had
worse FJS-12. Furthermore, 12.6% of the patients had
longer P-LLD even if the R-LLD was less than 5 mm, and
similarly, FJS-12 was worse.
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