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Background: Postoperative pain occurring after hip arthroplasty has become common since the 
expanded use of cementless femoral stems. The characteristic pain develop in the anterolateral 
thigh area. This study aimed to predict anterior thigh pain based on the measurements of post-
operative anteroposterior (AP) and lateral (Lat) radiographs of the hip joint. 
Methods: The present study included 26 patients (29 hips) who underwent total hip replacement 
or bipolar hemiarthroplasty between March 2010 and May 2016, whose complete clinical infor-
mation was available. AP and Lat radiographs of the affected hip were taken on the day of sur-
gery and 1 and 6 months postoperatively. Patients with improper radiographs were excluded. The 
distance from the femoral stem to the nearest cortical bone in the distal region of the stem was 
measured. The patient group with a visual analog scale (VAS) score of ≥6 points was designated 
as patients with anterior thigh pain. 
Results: Sex, age, weight, height, body mass index, and bone mineral density in the lumbar spine 
and femur did not have a significant effect on postoperative VAS scores (p>0.05). Presence of 
contact between the femoral stem and cortical bone was associated with postoperative anterior 
thigh pain. 
Conclusion: Hip AP and Lat radiographs are usually taken to confirm fixation and alignment of 
the femoral stem after hip arthroplasty. The measurement method introduced in this study can 
be utilized for predicting anterior thigh pain after hip arthroplasty. 
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Introduction 

Thigh pain after hip arthroplasty typically appears in the anterior 
thigh. Such pain reportedly occurs in approximately 3%–25% of 
cases and is more common in cases that used a cementless rather 
than a cemented stem [1-8]. Especially in cementless technique, 
initial stability is vital for biologic fixation. However, when initial 
stability is not achieved, a loose prosthesis might initiate pain. An-
terior thigh pain after hip arthroplasty is also associated with fem-
oral stem size, use of cement, femoral stem design and material, 
femoral stem instability, and loosening and disharmony in flexural 
strength between the bone and femoral stem [4,8-15]. It is be-

lieved that cancellous bone and type-C nerve fibers that accom-
pany blood vessels within the bone unit may be associated with 
postoperative anterior thigh pain by responding to changes in 
pressure and local extension [16]. The purpose of the present 
study was to predict anterior thigh pain based on measurements 
of the postoperative anteroposterior (AP) and lateral (Lat) radio-
graphs of the hip joint. 

Materials and methods 

1. Ethics statement
We conducted this study in compliance with the principle of the 
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Declaration of Helsinki. The design and protocol of this retro-
spective study were approved by the Institutional Review Board 
of Kosin Gospel Hospital (IRB No. 2017-12-011). Since this was 
a retrospective study, the requirement for informed consent was 
waived.

2. Subjects 
The present study retrospectively included 26 patients (29 hips) 
who underwent hip arthroplasty between March 2010 and May 
2016, with their complete clinical information available. There 
were 14 patients (16 hips) who underwent total hip arthroplasty 
and 12 patients (13 hips) who underwent bipolar hip arthroplasty. 
Preoperative diagnoses included avascular necrosis of the femoral 
head (n = 14), femoral neck fracture (n = 10), intertrochanteric 
fracture (n = 2), solitary myeloma (n = 1), synovial sarcoma (n = 1) 
and secondary coxarthrosis (n = 1); avascular necrosis of the femo-
ral head was the most common diagnosis (Table 1). 

The femoral stem used in surgery consisted of the Bencox® 
(Corentec, Seoul, Korea) ID stem proximal fit and filled cement-
less femoral stem. We included patients who were operated on 
with only Bencox® ID stem and excluded other stems. 

Patients with improper radiographs were excluded. Patients 
with distal anterior or Lat thigh pain, extending beyond the groin 
area, were considered to have anterior thigh pain, while patients 
with posterior thigh pain or gluteal pain were excluded from the 
experimental group. 

3. Surgical methods and postoperative care 
The same surgeon performed all surgeries using a modified 
Hardinge approach. The femoral stem was inserted using the press-
fit technique based on preoperative templating and an intraopera-
tive decision by the surgeon. In total hip replacement arthroplasty 

cases, the press-fit technique was also used for the acetabular im-
plant, while additional screw fixation was used on all patients. 

The prophylactic intravenous antibiotic was administered pre-
operatively to all 26 patients, while low-molecular-weight heparin 
was used as per standard postoperative protocol to prevent throm-
bosis. Quadriceps contraction training was implemented from the 
first day and partial weight-bearing walking exercise using a walker 
was implemented within postoperative 1 week. Total weight-bear-
ing was allowed for all patients within 2 weeks postoperatively.  

4. Clinical evaluation 
For the investigation of anterior thigh pain, pre and postoperative 
visual analog scales (VAS; preoperative and postoperative 1 and 6 
months) were used. Investigated factors include the final fol-
low-up period, sex, age, type of implant, disease, and distance be-
tween the femoral stem and cortical bone. 

Postoperative physical examination referenced the definition 
suggested by Barrack et al. [1] for the diagnosis of anterior thigh 
pain. Patients with distal anterior or lateral thigh pain, more than 
in the groin area, were considered to have anterior thigh pain, 
while patients with posterior thigh pain or gluteal pain were ex-
cluded from the experimental group. Also, patients with radiating 
pain extending to the calf or foot were excluded from the experi-
mental group. 

The patient group with VAS score of ≥ 6 points postoperatively 
was designated as the ‘patients with pain’ group, while the group 
with VAS score of ≤ 5 points postoperatively was designated as 
the ‘patients without pain’ group. The ‘patients with pain’ group 
included 13 hips (10 patients), with VAS scores of 6 points for 6 
hips, 7 points for 2 hips, and 8 points for 5 hips. The ‘patients 
without pain’ group included 16 hips (16 patients), with all hips 
having a VAS score of 1 point. 

Table 1. Dermographic data

Variable Total
Thigh pain

Control Patient
Sex
 Male 12 (14 hips) 8 (57.14) 6 (42.86)
 Female 14 (15 hips) 8 (53.33) 7 (46.66)
Age (yr) 61.59±16.33 63.31±4.46 59.46±4.08
Weight (kg) 63.77±10.23 63.61±2.13 63.96±4.43
Height (cm) 162.39±8.29 164.19±2.53 160.19±1.34
BMI (kg/cm2) 24.20±3.69 23.57±0.54 24.98±1.38
BMD (lumbar spine) -1.13±1.76 -1.28±0.52 -0.9±0.55
BMD (femur) -1.63±1.41 -1.78±0.36 -1.41±0.54

Values are presented as number (%) or mean±standard deviation.
BMI, body mass index; BMD, bone mineral density.
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5. Radiological evaluation 
We have taken an AP hip radiograph (standard total hip) to in-
clude images of both sides of the hip on the same film that project 
towards the middle of the line connecting the upper symphysis 
pubis and anterior-superior iliac spine. Both patellae were faced 
forward and lower extremities were internally rotated by 15°–20° 
to accommodate femoral anteversion. To obtain the affected hip 
Lat radiographs (hip joint axial), the patient was turned onto the 
affected hip at least 45° with a hip flexion angle of 90° and internal 
rotation angle of 45° in a supine position. Images were then taken 
vertically from the groin region. 

For evaluation of fixation and alignment between the femoral 
stem and acetabular implant, hip AP and affected hip Lat radio-
graphs were acquired from all patients on the day of surgery and at 
1 and 6 months postoperatively. For confirmation of contact, the 
shortest distance from the femoral stem to the nearest cortical 
bone was measured. Since there was no admissible definition of 

measurement for the contact between femoral stem and cortex, 
we measured the gap in the distal region of the stem to the cortical 
bone in AP and axial view (Fig. 1). Three orthopedic specialists 
independently interpreted the radiographs. This study statistically 
analyzed the average value of the three specialists’ measurements. 

6. Statistical analysis 
We conducted statistical analysis with Student t-test, logistic re-
gression and linear mixed-effects regression. 

Kolmogorov-Smirnov test was done to confirm the normality 
of the data. With log-transformation, normality of data was estab-
lished. Student t-test was used for a grid search to find out the cut-
off value of stem to femoral distance (Table 2). Logistic regression 
was used for risk factor analysis. A p-value of less than 0.05 was 
considered to be statistically significant (Table 3). To investigate 
the association between anterior thigh pain and stem to cortex 
distance, linear-mixed effects regression was used for repeated 

Fig. 1. A 53-year-old male underwent artificial bipolar hip arthroplasty for femoral neck fracture (Garden Type IV). The patient 
complained of moderate anterior thigh pain starting from postoperative day 1. (A) Anteroposterior view. (B) Lateral view.

A B
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measured data (Table 4). IBM SPSS version 20.0 (IBM Corp., 
Armonk, NY, USA) was used for all statistical calculations. 

Results 

All patients were reviewed for at least 2 years. The median period 
of follow-up was 4 years. The patient population included 12 
males (14 hips) and 14 females (15 hips). At the time of surgery, 

the median age was 63 years (range, 25–86 years); median weight 
67.0 kg (range, 42.0–81.0 kg); median height 161.7 cm (range, 
143.0–179.0 cm); and median body mass index (BMI) 23.9 
(range, 15.8–31.6). In addition, median bone mineral density 
(BMD) T-score was -1.4 (range, -3.5–3.8) in the lumbar spine 
(L-spine) and -1.7 (range, -3.5–0.8) in the femur (Table 1). 

Thirteen hips with anterior thigh pain had a median value of 
the stem to cortex distance of 0.65mm (range, 0.32–1.01 mm) in 

Table 2. Cut-off value of stem to femoral distance (Student t-test)

Cut-off (mm) 0 mo 1 mo 6 mo
0.5 0.0490 0.7358 0.0839
0.6 0.0056 0.0518 0.0112
0.7 0.0000 0.0186 0.0001
0.8 0.0000 0.0169 0.0000
0.9 0.0000 0.1004 0.0004
1.0 0.0000 0.1004 0.0013
1.1 0.0000 0.0330 0.0065
1.2 0.0002 0.3650 0.0124
1.3 0.0250 0.5624 0.0365
1.4 0.0250 0.5624 0.0877
1.5 0.1429 0.7305 0.1292

p-value for association test of contact on log-transformed VAS for each cut-off value.
VAS, visual analogue scale.

Table 3. Logistic regression for risk factor analysis

Independent variable Beta Standard error Wald statistic p-value OR
CI for OR

Lower bound Upper bound
Sex 0.154 0.748 0.042 0.837 1.167 0.269 5.054
Age -0.015 0.024 0.408 0.523 0.985 0.941 1.032
Weight 0.003 0.037 0.009 0.926 1.003 0.933 1.079
Height -0.064 0.050 1.633 0.201 0.938 0.850 1.035
BMI 0.112 0.109 1.049 0.306 1.118 0.903 1.385
BMD (lumbar spine) 0.130 0.253 0.262 0.609 1.138 0.693 1.869
BMD (femur) 0.197 0.317 0.386 0.535 1.218 0.654 2.267
Stem to cortex distance (mm)
 0 -10.775 4.369 6.082 0.014 <0.001 <0.001 0.110
 1 -8.098 2.838 8.142 0.004 0.000 0.000 0.079
 6 -8.367 3.095 7.306 0.007 0.000 0.000 0.100

Dependant variable: existence of anterior thigh pain (patients=1, control=0).
OR, odds ratio; CI, confidence interval; BMI, body mass index; BMD, bone mineral density.

Table 4. Linear-mixed model to analyze association between anterior thigh pain and stem to cortex distance

Independent variable Beta Standard error t-value p-value
CI

Minimum Maximum
Constant 0.6107 0.4598 1.328 0.0938 -0.3029 1.5243
Stem to cortex distance -0.5992 0.1289 -4.6490 <0.001 -0.8570 -0.3414

Dependent variable: logVAS. Random effect: measuring time.
CI, confidence interval; VAS, visual analogue scale.
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the AP view and 0.72 mm (range, 0.41–1.77 mm) in the Lat view 
postoperatively (Table 5). Sixteen hips without pain had a median 
value of 1.65 mm (range, 0.51–2.94 mm)in the AP view and 1.82 
mm (range, 0.96–4.72 mm) in the Lat view, postoperatively (Ta-
ble 5). Radiolucent line around the stem were not visible in the 
radiographs of all patients. The cut-off value for the stem to cortex 
distance was chosen as 0.8 mm, which is statistically significant in 
Student t-test (Table 2). There was no statistically significant as-
sociation between anterior thigh pain and patient’s sex, age, 
weight, height, BMI, and L-spine and femoral BMD T-score 
(p > 0.05; Table 3). Since the association of stem to cortex dis-
tance on logVAS is strongly negative, it was shown that thigh pain 
after hip arthroplasty diminished over time (Table 3, p < 0.05). 
Presence of contact between the femoral stem and cortical bone 
(stem to cortex distance < 0.8 mm) was associated with postoper-
ative anterior thigh pain (Tables 3, 4). 

Discussion 

Thigh pain after hip arthroplasty typically appears in the anterior 
thigh. Barrack et al. [1] reported that such pain reportedly occurs 
in up to 40% of cases. The percentage of symptomatic patients in 
this study is higher than that in other reports and a small number 
of cases is the potential reason for this. 

Since the 1970s, various fixation methods using cementless im-
plants have been introduced. These implants have shown better 
biocompatibility than those used in cement-based fixation meth-
ods and have been preferred over implants that use cement be-
cause of their advantage of secondary fixation to prevent contact 
between the implant and bone [18]. However, postoperative an-
terior thigh pain was repeatedly reported to be more common 
with cementless than with cemented stems [2,4-7,17]. 

The exact significance and cause of thigh pain after hip arthro-
plasty have not been identified. Since operational goals include 
the elimination of pain, stable fixation of the femoral stem, recov-
ery of biomechanical function and restoration of the femoral 
shape [19], anterior thigh pain can be viewed as an essential factor 
that can diminish postoperative patient satisfaction. 

Hedley et al. [20] described thigh pain that appears after ce-
mentless hip arthroplasty as a benign complication that appears in 
the early stage after surgery and dissipates naturally, whereas 
Campbell et al. [4] reported it to be an unusual and dangerous 
sign of an unstable femoral stem, indicating failure in biomechani-
cal fixation. While some papers have reported anterior thigh pain 
in association with the instability of the implant and fixation fail-
ure [4,15], others have reported that severe anterior thigh pain 
may be found among patients who underwent hip arthroplasty 
using a cementless femoral stem despite firm fixation, proper 

Table 5. Distance in 0, 1, and 6 months 

Patient no.
Aa) (mo) Bb) (mo)

0 (AP) 0 (Lat) 1 (AP) 1 (Lat) 6 (AP) 6 (Lat) 0 (AP) 0 (Lat) 1 (AP) 1 (Lat) 6 (AP) 6 (Lat)
1 0.64 1.77 0.72 1.72 0.72 1.65 1.92 2.50 1.87 2.38 1.85 2.20
2 1.01 0.68 0.92 0.66 0.93 0.64 1.28 3.17 1.20 2.98 1.31 2.88
3 0.80 0.51 0.87 0.36 0.82 0.49 1.87 1.43 1.68 1.25 1.77 1.30
4 0.66 0.72 0.56 0.68 0.52 0.52 1.98 1.13 1.85 1.20 1.90 1.21
5 0.96 0.72 1.01 0.45 0.89 0.62 1.28 1.13 1.17 1.10 1.10 1.10
6 0.32 0.51 0.32 0.45 0.28 0.50 1.44 1.58 1.42 1.50 1.50 1.62
7 0.51 0.72 0.42 0.63 0.49 0.65 0.51 0.96 0.40 0.88 0.45 0.77
8 0.64 0.41 0.58 0.36 0.52 0.28 0.97 2.58 1.13 2.42 0.89 2.30
9 0.80 0.78 0.82 0.84 0.88 1.01 2.94 3.96 2.88 4.10 2.72 4.03
10 0.64 0.80 0.58 0.71 0.44 0.62 2.89 1.15 2.93 1.30 2.88 0.98
11 0.66 0.97 0.54 0.84 0.39 1.02 1.92 4.72 1.88 4.83 1.80 4.70
12 0.65 1.06 0.54 0.89 0.41 1.04 0.96 2.05 1.10 2.13 1.07 2.15
13 0.48 0.45 0.43 0.32 0.36 0.28 1.67 1.28 1.50 1.20 1.53 1.32
14 1.61 2.42 1.58 2.30 1.60 2.23
15 1.92 3.45 2.08 3.30 1.90 3.28
16 1.63 1.28 1.58 1.30 1.66 1.19

Medial value 0.65 0.72 0.58 0.66 0.52 0.62 1.65 1.82 1.58 1.82 1.63 1.89

Values are presented as stem to cortex distance (mm). 
AP, anteroposterior; Lat, lateral. 
a)Distance in 0, 1, and 6 months in patients with thigh pain. b)Distance in 0, 1, and 6 months in patients without thigh pain.
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alignment and proper implant size [8,13]. 
The exact etiology of anterior thigh pain that appears in patients 

with stable implant fixation remains unclear. The most widely rec-
ognized hypothesis attributes the cause to an abnormally high level 
of bone stress at the femoral stem tip; such abnormal bone stress 
was reported to have been caused by disharmony in flexural 
strength between the cortical bone and femoral stem [2,10,12,14]. 

Namba et al. [12] studied femoral stress at the femoral stem tip 
in association with various factors and stated that the directional-
ity of the femoral stem might explain why postoperative thigh 
pain appears mostly in the anterior area. Vresilovic et al. [14] in-
vestigated the effects of femoral stem size on the prevalence of 
postoperative anterior thigh pain and reported that an increase in 
stem size usually resulted in increased pain. As the stem size in-
creases, the cross-sectional size increases, which causes an increase 
in flexural strength [21]. This can cause a sudden shift in the fem-
oral stem tip during hip joint movement. 

Directionality and cross-sectional area of the femoral stem men-
tioned in preceding studies can be viewed with contact with cortical 
bone at the femoral stem tip, which may be associated with nocicep-
tors in the endosteum of cortical bone and the presence of unmy-
elinated type-C nerve fibers within the Haversian canal [16,22]. 

Limitations in the present study included the following: first, if 
radiographs were taken with a slight rotation, it might cause an er-
ror in measurement. We tried to prevent this problem by taking an 
accurate AP and axial view. Second, since only AP and Lat radio-
graphs were acquired, the distance between the femoral stem and 
cortical bone was not measured from various angles. Third, the 
number of cases is small compared to that of other studies. 
Fourth, the age and diagnosis of patients are heterogeneous. 

Since computed tomography examination presents limitations 
from a cost-effectiveness aspect, a plain radiograph is preferred for 
routine examination for checking fixation and alignment of femo-
ral stem after hip arthroplasty. The plain radiograph is low-cost 
and could be routinely performed after hip arthroplasty. We be-
lieve that the method used in the present study was meaningful 
since it can be used to predict anterior thigh pain with plain radi-
ography. According to our study, if stem to cortical distance is 
smaller than 0.8 mm in the distal region of the stem, the possibili-
ty of anterior thigh pain after hip arthroplasty can be expected. 
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