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Abstract
Background: The mechanisms of pain after total hip arthroplasty (THA) is not clear, which may be related
to its impact on the femoral cortex caused by improper prosthesis placement. This study was to explore
the the impact of the femoral stem prosthesis on the femoral cortex after implantation, and its
relationship with postoperative thigh pain.
Methods: Totally 172 patients who underwent primary THA were retrospectively analyzed, who were
divided into the impact (n=25) and non-impact (n=147) groups. Contact or penetration of the femoral
stem prosthesis tip with the distal femoral cortex was defined as impingement. Patients were followed up
and recorded.
Results: In the patients undergoing primary THA, 25 patients (14.5%) had impact, including 7 males and
18 females. Most of the patients in the impact group were women of small stature. In the impact group,
the postoperative thigh pain was more obvious, and the Harris Hip score (HHS) was lower, compared with
the non-impact group (P < 0.05). The regression analysis showed that height (OR=1.196; 95%CI: 1.0591.351; P=0.004) and prosthesis implant angle (PIA) (OR=0.208; 95%CI: 0.074-0.584; P=0.003) were
important risk factors for distal femoral cortical impingement in patients who underwent THA.
Conclusions: Patients with short stature should have adequate preoperative planning for primary THA, to
prevent increased risk of postoperative thigh pain due to impinging femoral stem implants.

Introduction
In recent years, the application of biotype femur stem for primary total hip arthroplasty (THA) has
achieved great success in clinic, especially for young and active patients.[1–3] Our previous study has
shown that improper placement of the femoral stem prosthesis would often lead to the collision between
the femoral stem tip and the femoral cortex. For long time period, the femoral stem prosthesis and
femoral cortical contact might lead to bone dissolving, prosthesis loosening and fracture around the
prosthesis. Moreover, the incidences of complications would also be increased, especially in the Asian
crowd in Asia, with commonly seen femur arch deformity. The femoral stem prosthesis and femoral
matching degree is not enough, which would lead to postoperative discomfort.[4] One of the causes of
the discomfort is the mid-thigh pain, and this particular anterolateral pain in the middle of the thigh [5]
may be due to the overloading or fretting of the prosthesis stem tip ,[6, 7] probably involving the
placement of the acetabular and femoral stem prosthesis .[4, 8–10] In these studies, the femur model
was established by mimics 20.0(Mimics Medical ,version 20.0), and the LK-LCU(LCU-PoroLink) femoral
stem prosthesis model was extracted and implanted into the femur. Then the ANSYS19.2 was imported
with 343-N force vertically downward in the center of the femoral head, and the force on the femur was
compared between the patients with and without impact. It has been shown that the model with hollow
tip has uniform force and no large stress concentration. In the model of tip impact, there would be local
stress concentration (Fig. 1). Although it might not lead to femoral deformation, the stress concentration
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further verifies the possibility of the postoperative pain. The mechanism of pain after primary THA are
still needed to be elucidated.
Current studies have mainly focused on the location of the acetabular prosthesis in THA, while few
studies have concerned the location of the femoral stem prosthesis.[11, 12] Based on previous findings,
we hypothesized that the femoral stem tip would impact on the femoral cortex and induce stress
concentration, resulting in postoperative thigh pain. In this study, the impact of the femoral stem tip on
the distal femoral cortex, as well as the impact on the thigh pain, were investigated, in patients after
primary THA.

Materials And Methods
Study design and patients
Totally 172 patients who underwent primary total hip arthroplasty (THA) were included in this study and
analyzed using the Link.LCU femoral stem (FIG. 2). Inclusion criteria were as follows: ① primary THA; ②
complete basic and radiography data; ③ follow-up period no less than 12 months; and ④ clear awareness
and active cooperation. Exclusion criteria were as follows: ① bilateral total hip replacement; ② patients with
fuzzy basic data or imaging data; and ③ patients who lost access or were unwilling to cooperate (Fig. 3).
Young et al. [13] have believed that the structure of the femur on both sides of the normal human body
was roughly symmetrical, and therefore the data herein were not subdivided. Barrack et al. [14] have
suggested that postoperative thigh pain exists when patients have pain in the anterior and/or lateral
thighs below the inguinal region. These 172 patients were routinely followed up at 3, 6, and 12 months
post-operation. At each follow-up evaluation, patients' Harris Hip Scores (HHS) were assessed, and they
were asked about the thigh pain. The intensity of thigh pain, if present, was measured using the Visual
Analogue Scale (VAS).
Operative process and radiographic evaluation
Operative process
All operations were performed by the same experienced chief orthopedic surgeon using a posterolateral
gluteal approach, under general or epidural anesthesia, in a healthy lateral decubitus position. The skin
and subcutaneous tissue were dissected to expose the capsule, and the hip joint was adducted and
rotated internally. A femoral neck osteotomy was conducted to fully expose the acetabulum and the
surrounding capsule was cleared. The acetabulum was filed down to place the biological acetabular
component at an appropriate combined anteriorly angle. The proximal femur was opened, the femoral
bone marrow cavity was filed to an appropriate size with a medullary cavity file, and the femoral stem
prosthesis was installed with a forward tilt of 15°-20°. The artificial femoral head was installed and the
hip joint was reset. The incision was inspected and rinsed, drainage tube was placed, and the incision
was sutured layer by layer.
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Radiographic evaluation
Postoperative anteroposterior and lateral X-rays of the hip joint were observed by three orthopedic
surgeons through the medical image archive and communication system. The contact or penetration of
the femoral stem tip with the distal femoral cortex was defined as impingement (Figure 4a). Preoperative
DR radiography of the hip was taken. According to the canal flare index (CFI) classification of Noble and
Dorr et al.: A, ＞4.7, champagne-fluted; B, 3.0-4.7, normal; and C, ＜3.0, stovepipe (Figure 4b).[15, 16] The
angle between the shaft axis of the femoral shaft and the long axis of the femoral stem was measured
on the anteroposterior radiographs of the hip joint after surgery, that was the prosthesis implant angle
(PIA) (> 3° or ≤3°) (Figure 4c). According to the definition of impact, patients were divided into the
following two groups: the impact (n=25) and non-impact (n=147) groups. Demographic and clinical data
of the included patients were shown in Table 1.
Statistical analysis
The SPSS software (version 25.0) was used for the descriptive analysis of variables. Quantitative data
were expressed as mean ± SD. Classified data were expressed as absolute frequency and relative
frequency. Univariate significance of comparison between collision and non-collision groups was
established with the independent sample T-test of continuous variables or non-parametric test of
independent samples, and the chi-square test of classified variables. With the logistic regression, the odds
ratio (OR) and 95% confidence interval (CI) were used to represent the risk factors of cortical
impingement. P < 0.05 was considered as statistically significant.

Results
A total of 150 patients with primary THA were retrospectively analyzed in this study, including 73 males
(48.7%) and 77 females (51.3%). The average age was 67.3 ± 12.3 years old, ranging from 26 to 92 years
old. Patients were divided into the impact and non-impact groups, with 19 (12.7%) patients in the impact
group and 131 (87.3%) patients in the non-impact group. By comparing the clinical and imaging
parameters of these two groups, our results showed that there were significant differences in gender,
height and placement angle between these two groups (Table 2). In the impact group, 14 cases were
female (73.7%) and 5 cases were male (26.3%). After the primary total hip replacement, the incidence of
cortical impact on the distal femur in females was significantly higher than the males (P < 0.05). In the
impact group, 7 (36.8%) patients were with implant angle > 3° while 12 (63.2%) patients were with implant
angle ≤ 3°. The incidence of cortical impact in the distal femur after the primary total hip replacement
was significantly higher in patients with implant angle > 3° than those with implant angle ≤ 3° (P < 0.05).
In addition, the average height of patients in the impact group was lower than the non-impact group (P <
0.05). Other parameters, including the age, body mass, body mass index, length of femoral stem and
configuration of femoral bone marrow cavity, had no significant difference between the impact and nonimpact groups (P > 0.05). Binary logistic regression analysis was further performed to explore the risk
factors of distal femoral cortical impingement. The regression equation showed that the height (OR =
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1.144; 95%CI, 1.010–1.295; P = 0.034) and the implant angle (OR = 0.159; 95%CI, 0.044–0.575; P = 0.005)
were important risk factors for distal femoral cortical impingements in patients undergoing total hip
replacement. Gender (OR = 1.993; 95%CI, 0.462–8.594; P = 0.355) was not an important risk factor for
distal femoral cortical impingement in patients with primary total hip replacement (Table 3). In addition,
during the postoperative follow-up, the postoperative pain and Harris score in the impact group were
significantly lower than the non-impact group, at 3 months after surgery (P < 0.05). At 6 and 12 months,
there were no significant differences in postoperative pain and Harris score between these two groups (P
> 0.05) (Table 4). The specific distribution of VAS population is shown in Fig. 5. Most patients have no
pain after 3 months; A small number of patients have mild pain but it does not affect work and life; Very
few patients start to have pain after walking a little more in a short period of time, but they can tolerate it,
and get better after rest; Only one patient had postoperative infection and severe pain, which affected
work and life. He came to the hospital for treatment. After two weeks of treatment, the pain improved.
Table 1
Data of study patients.
Gender (male = 73 / female = 77)
Medullary cavity shape (A = 22/B = 99/C = 31)
Prosthesis implant angle (PIA)
(> 3° =21 / ≤3°=130)
Age (years)

67.31 ± 12.32

Height (cm)

164.69 ± 5.01

Weight (kg)

58.55 ± 8.46

BMI (kg/m2)

21.60 ± 3.06

Femoral stem length (mm)

141.37 ± 10.85

Notes: A was the champagne glass type, B was the normal type, while C was the chimney type.
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Table 2
Relationship between different influencing factors and cortical impingement of distal femur.
Parameter

P

Impact group

Non-impact group

(n = 19)

(n = 131)

Gender (female/male)

14/5

63/68

0.037

Age (years)

67.3 ± 14.6

67.3 ± 12.0

0.985

Height (cm)

160.8 ± 5.8

165.2 ± 4.7

0.000

Weight (kg)

56.9 ± 10.4

58.8 ± 8.2

0.364

BMI (kg/m2)

22.1 ± 4.1

21.5 ± 2.9

0.609

Femoral stem length (mm)

139.7 ± 14.1

141.6 ± 10.3

0.485

Medullary cavity shape (A/B/C)

3/9/7

19/90/24

0.246

Prosthesis implant angle (PIA) (> 3° / ≤3°)

7/12

13/118

0.001

Notes: A was the champagne glass type, B was the normal type, and C was the chimney type.
Table 3
Influencing factors of cortical impingement of distal femur.
Variables

B

SE

Multivariate analysis
OR (95% CI)

P

Gender

0.690

0.746

1.993 (0.462–8.594)

0.355

Height

0.134

0.063

1.144 (1.010–1.295)

0.034

Prosthesis implant angle (PIA) (> 3° / ≤3°)

-1.840

0.656

0.159 (0.044–0.575)

0.005
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Table 4
Postoperative thigh pain and Harris Hip score.
Parameter

P

Impact group

Non-impact group

(n = 19)

(n = 131)

At 3 months after surgery

5/14

10/121

0.011

At 6 months after surgery

2/17

4/127

0.120

At 12 months after surgery

1/18

2/129

0.277

At 3 months after surgery

79.21 ± 4.47

81.81 ± 4.68

0.024

At 6 months after surgery

83.79 ± 5.37

85.69 ± 4.90

0.120

At 12 months after surgery

86.05 ± 5.51

87.85 ± 4.78

0.134

Postoperative thigh pain (pain/ no pain)

Harris Hip scores

Discussion
As is known to all, postoperative thigh pain is a common problem after the primary total hip arthroplasty
(THA) with cementless prosthesis, which would be one of the main reasons for decreased surgical
satisfaction. [10, 17] Although the conical femoral stem prosthesis could reduce the pain occurrence, it
still has a high incidence due to unknown mechanisms. [18, 19] At present, researches on impact after
THA between prosthesis, strikes and iliopsoas muscle (between the bones and abundant) [20–23], and
those on the implant tip and femoral cortical impact, mainly focus on the intramedullary nail surgery.
However, few studies have focused on the femoral prosthesis stem tip and femoral cortical impact
problems after THA. [24, 25] In this study, the impact between the femoral stem tip and the femoral cortex
and postoperative thigh pain were studied.
Our retrospective analysis of 172 patients undergoing primary THA showed that the cortical impaction of
the distal femur was not uncommon after primary total hip arthroplasty, with an incidence of 14.5%,
especially in women of small stature. Vision (as women get older), osteoporosis, femoral cortical
thinning, the femur bow angle would be increased, when the biological type femoral stem (tapered
straight shank) was used. In order to ensure better proximal pressure distribution, the larger femoral
prosthesis stem would be chosen, and the femoral stem length would be increased, thereby increasing
the point between the cortex and the impact of risk within the plants.[26–28] In addition, the existing
biological femoral stem prosthesis is mainly designed based on patients in European or American, and
therefore the LK. LCU femoral stem prosthesis of the same length used in this study was bound to
increase the risk of collision when implanted into the body of Asians. For Asian patients with short
stature, and femoral bow angle in the proximal with suitable cases, shorter creature type femoral line
handle THA may be beneficial. However, Gielis et al.[29–31] have found that using short shank primary
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total hip replacement, thigh pain would follow the surgery, which would not be significantly reduced. [29–
31] In addition, Boese et al. [32] have also reported that the mismatch between femoral morphology and
femoral prosthesis geometry in total hip arthroplasty not only increases the surgical difficulty, but also
bring serious implant-related complications. The selection of too large prosthesis during femoral stem
implantation would lead to the difficulty of femoral stem implantation. Some physicians may reinsert the
bone after further appropriate distention. However, excessive reaming could result in postoperative pain
and other problems. The choice of a smaller femoral stem prosthesis may affect the stability of total hip
arthroplasty. Moreover, it also increases the risks of complications such as postoperative pain and
fractures around the prosthesis. [6, 33, 34] Therefore, it is important to find out the risk factors associated
with femoral stem and femoral cortex impact after primary THA. Preoperative planning can be made in
advance, and attention should be paid to the choice of femoral stem prosthesis. Therefore, the
personalized femoral stem placement schemes should be developed, to facilitate the placement,
decrease the operation difficulty and reduce the occurrence of postoperative complications.
The femoral stem implant angle is another risk factor with great influence, which is easily overlooked. As
Teloken et al. [35] have believed that the placement angle of the femoral stem prosthesis should be less
than or equal to 3° on anteroposterior hip X-ray. Otherwise, the prosthesis was considered to be in varus
or valgus position. In this study, our results showed that the risk of collision between the femoral stalk tip
and the cortex was significantly higher when the prosthesis was in varus, compared with when the
prosthesis was not varus. Moreover, postoperative thigh pain was found to be mainly concentrated in the
patients with inversion at 3-month follow-up. These patients had obvious postoperative thigh pain and
lower postoperative Harris scores. Our results also showed that the contact area of such patients in Gruen
zones 2 was relatively small. Similar findings have been obtained by Junya et al., who have shown that
the contact area of Gruen 2 is negatively correlated with post-operative pain. [8] This may be largely
related to the experience and technical level of the surgeon. Therefore, this phenomenon can be a good
reminder to the surgeon. During THA, especially when the femoral stem is inserted, more attention should
be paid to the implant angle. In order to avoid too large angle of implantation, which might result in the
impact of the postoperative prosthesis and the distal femur cortex, and thus affect the surgical quality.
This study has some limitations. First, the relatively small sample size and the nature of retrospective
study limited the level of evidence. Second, it was limited to LK-LCU type femoral stem prosthesis, which
was difficult to explain the problems of other femoral stem prosthesis.

Conclusions
Although the THA technology is mature, with remarkable effects, the consequences caused by improper
placement of the prosthesis should not be ignored. For example, the impact between the femoral stem
prosthesis tip and the distal femoral cortex, a clinical phenomenon described herein should be paid more
attention before surgery, especially in patients with short stature. It is suggested that the surgeon should
strictly control the placement angle of the femoral stem prostheses, to reduce the occurrence of
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impingement, improve the repairing effect and increase the patient satisfaction, which would further
promote the development of personalized treatments.
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Figures

Figure 1
(1a) Axial CT view of the femoral stem prosthesis tip with a hollow on the left and contact with the cortex
on the right. (1b) The overall force analyses of the hollow femoral stem group in the positive and lateral
position (left), and the femoral stem tip contact group in the positive and lateral position (right).
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Figure 2
LINK.LCU stem was a tapered wedge stem with a fully coated surface treatment.
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Figure 3
Patient selection flow chart.
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Figure 4
a. Anterior X-ray images of the hip joint after surgery. The large lateral arch of the femur caused the
femoral stem tip to collide with the lateral cortex of the femur. The point of impact was indicated by the
arrow. b. Anterior X-ray images of the femur before surgery. Line a was the width of the medullary cavity
at 2-cm proximal to the lesser trochanter. Line b was the width of the medullary cavity of the femoral
isthmus. CFI=a/b. CFI, canal-flare index. c. DR radiographs of the orthotopic hip joint after surgery. Line c
was the long axis of femoral shaft. Line d was the long axis passing through the upper vertex of the
femoral stem and the midpoint of the lower tip. The angle between lines c and d was the prosthesis
implant angle (PIA) .
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Figure 5
Number distribution of VAS.
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