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Abstract

BACKGROUND

Subchondral fatigue fracture of the femoral head (SFFFH) mainly occurs in young
military recruits and might be confused with osteonecrosis of the femoral head.
However, less research focuses on the risk factor for SFFFH.

AIM
To evaluate the intrinsic risk factors for SFFFH in young military recruits.

METHODS

X-ray and magnetic resonance imaging data were used for analysis. Acetabular
anteversion of the superior acetabulum, acetabular anteversion of the center of the
acetabulum (AVcen), anterior acetabular sector angle (AASA), posterior aceta-
bular sector angle, superior acetabular sector angle, neck-shaft angle (NSA),
inferior iliac angle (IIA), and ischiopubic angle were calculated. Then, logistic
regression, receiver operating characteristic curve analysis, and independent
samples t-test were performed to identify the risk factors for SFFFH.

RESULTS

Based on the results of logistic regression, age [odds ratio (OR): 1.33; 95%
confidence interval (95%CI): 1.12-1.65; P = 0.0031] and treatment timing (OR: 0.86;
95%CI: 0.75-0.96; P = 0.015) could be considered as the indicators for SFFFH.
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AVcen (P =0.0334), AASA (P = 0.0002), NSA (P = 0.0007), and IIA (P = 0.0316) were considered to have statistical
significance. Further, AVcen (OR: 1.41; 95%CI: 1.04-1.95) and AASA (OR: 1.44; 95%ClI: 1.21-1.77), especially AASA
(area under curve: 66.6%), should be paid much more attention due to the higher OR than other indicators.

CONCLUSION
We have for the first time unveiled that AASA and age could be key risk factors for SFFFH, which further verifies
that deficient anterior coverage of the acetabulum might be the main cause of SFFFH.

Key Words: Subchondral fatigue fracture of the femoral head; Age; Anterior acetabular sector angle; Risk factors

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our findings indicate that a small anterior acetabular sector angle (AASA) indicates poor anterior coverage of the
femoral head and can increase the risk of subchondral fatigue fracture of the femoral head (SFFFH) in young patients. Since
patients with a history of intense military training may be at higher risk for SFFFH, early detection and appropriate
management are crucial to prevent further deterioration of the femoral head and preserve joint function. Based on these
findings, we, therefore, recommend orthopedic surgeons not to exclude the possibility of SFFFH in patients who present
with hip pain and have a history of intense military training, particularly if they have a small AASA.

Citation: Yang JZ, Chen P, Chen BH, Zhao B. Subchondral fatigue fracture of the femoral head in young military recruits: Potential
risk factors. World J Clin Cases 2023; 11(28): 6733-6743

URL: https://www.wjgnet.com/2307-8960/full/v11/i28/6733.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i28.6733

INTRODUCTION

Subchondral fatigue fracture of the femoral head (SFFFH) is rare but occurs in people with vigorous exercise including
soldiers and athletes[1,2]. Apart from subchondral insufficiency fracture of the femoral head (SIFFH) secondary to
osteoporosis, SFFFH occurs in healthy adults with normal bone quality after repeated abnormal stress or sudden
increases in activity[2-4]. SFFFH is characterized by hip pain, limited range of motion, and collapse of the femoral head,
similar to the manifestation of osteonecrosis of the femoral head (ONFH)[2,5,6]. At the onset of hip pain, magnetic
resonance imaging (MRI) but not X-ray should be performed to detect the lesion[7]. However, there is little research on
risk factors related to the occurrence of SFFFH.

Some studies indicated that intrinsic factors are related to SFFFH. Kim DK and Kim TH[8] indicated that the femoral
neck-shaft angle (NSA) is associated with the location of the femoral stress fracture after retrospectively studying 37
patients with femoral stress fractures. Iwasaki et al[9] found that both the acetabular head index and band length ratio are
important factors in the progression of SIFFH after reviewing 29 patients with this condition. According to the previous
observation, we believed that some hip geometry indicators play crucial roles in the development of SFFFH.

In this study, we reviewed 122 patients from the Chinese People's Liberation Army who complained of hip pain to find
some characteristics of SFFFH. Furthermore, we aimed to discover some new risk factors for SFFFH by comparing SFFFH
with ONFH patients.

MATERIALS AND METHODS

Study population and clinical records

The retrospective study was approved by the Ethics Review Board of PLA General Hospital. Patients who underwent hip
MRI due to hip pain from June 2013 to June 2019 (n = 2463) in a military tertiary care hospital were identified. These
patients were diagnosed with either ONFH (n = 24) or SFFFH (1 = 98) based on hip MRI and X-ray. The diagnostic criteria
for SFFFH were according to the previous study while those for ONFH were based on the Association Research
Circulation Osseous staging system of ONFH[10,11]. All of the clinical records including age, height, weight, and body
mass index were extracted from the patient chart.

MRI

MRI examinations were performed with a 1.5-T or 3.0-T MR scanner. The standard MRI protocol was used according to a
previous study[8]. 1.5-T MRI consisted of axial T1-weighted [repetition time (TR)/echo time (TE) 632/9 ms, 4-mm slice
thickness, 0.5-mm gap], axial and coronal T2-weighted (TR/TE 3102/77 ms, 4-mm slice thickness, 0.5-mm gap), and T2-
weighted fat saturation (TR/TE 4500/77 ms, 4-mm slice thickness, 0.5-mm gap) sequences through the entire pelvis using
a 32-channel body coil. Each sequential field of view (FOV) was 42 cm x 42 cm with a 384 cm x 256 matrix. The protocol
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of 3.0-T MRI consisted of axial T1-weighted (TR/TE 455/8 ms, 4-mm slice thickness, 0.5-mm gap), axial and coronal T2-
weighted fat saturation (TR/TE 4287/81 ms, 4-mm slice thickness, 0.5-mm gap), and coronal short tau inversion recovery
sequence (TR/TE 8291/47 ms, inversion time 150 ms, 4-mm slice thickness, 0.5-mm gap) using a 23-channel body coil
with a FOV of 41 cm % 41 cm and 416 cm x 288 cm acquisition matrix.

Image analysis

MRI image evaluation was mainly based on bone marrow edema, joint effusion, and cartilage collapse. Besides,
acetabular coverage indicators including acetabular anteversion of the superior acetabulum, acetabular anteversion of the
center of the acetabulum (AVcen), anterior acetabular sector angle (AASA), posterior acetabular sector angle (PASA),
superior acetabular sector angle (SASA), NSA, inferior iliac angle (IIA), and ischiopubic angle were measured three times
by two observers independently and blindly (Figure 1).

Statistical analysis

ONFH and SFFFH were defined as two elements. Then, binary logistic regression was performed to obtain the odds ratio
(OR). Independent samples t-test was also performed. The statistical analyses and visualization were performed using the
‘rms’, ‘ggplot2’, “ggpubr’, ‘pROC” packages of R studio (version 1.3.1093).

RESULTS

Characteristics of SFFFH

Based on the radiographs of 98 SFFFH patients (108 hips), subchondral fracture lines could be found in 95 hips (88.0%),
collapsed bone loss could be found in 52 (48.1%), and sclerotic margin below the fracture lines could be seen in 61 (56.5%).
Furthermore, there were 41 hips (38.0%) with mismatched head and mortar and 19 (17.6%) with degenerative change.
Figure 2 shows the radiographs of SFFFH patients at different stages. According to the results of MRI, all hips had bone
marrow edema, and 96 (88.9%) had joint effusion. All hips were identified with low signal and 94 (87.0%) with discon-
tinued cartilage in T2 weighted images.

Different appearances between SFFFH and ONFH

According to the baseline characteristics of 122 patients, we could find that SFFFH patients were younger and they got
treatment much later than ONFH patients (Table 1). Most patients with SFFFH were treated later than those with ONFH.
And most ONFH patients but none of the SFFFH patients had a history of glucocorticoid or alcoholism. Besides, unlike
ONFH that mostly affects bilateral hip joints, SFFFH often involves unilateral hip joints. And SFFFH was more likely to
have collapse of the femoral head than ONFH. We show a 19-year-old SFFFH soldier who complained of right hip pain
for 3 wk (Figure 3A-D) and a 35-year-old ONFH patient who complained of left hip pain for 6 mo (Figure 3E-H). There
was a resemblance between SFFFH and ONFH in the radiographs. Subchondral fracture lines could be found on both
patients” femoral heads (Figure 3A and E). The necrotic zone could be vaguely found on the second patient’s femoral
head (Figure 3E). More different appearances could be seen from MRI images. T1-weighted images showed that the
hypointense signal was found on the SFFFH patient’s femoral head while an uneven signal was found on the ONFH
patient’s whole femoral head (Figure 3B, C, F, and G). T2-weighted images demonstrated that effusion appeared around
the fracture line of the SFFFH patient while double line sign and cystic lesions arose on the ONFH patient’s femoral head
(Figure 3D and H).

Risk factors for SFFFH

A total of 98 SFFFH patients (108 hips) and 24 ONFH patients (39 hips) were included. All patients participated in a basic-
training program that included forced marching with a back-pack, double-time marching, and martial arts. No patient
had a history of trauma. Based on the results of logistic regression, we found that age [OR: 1.33; 95% confidence interval
(95%CI): 1.12-1.65; P = 0.0031] and treatment timing (OR: 0.86; 95%CI: 0.75-0.96; P = 0.015) could be considered as the
indicators for SFFFH (Figure 4). Besides, AVcen (P = 0.0334), AASA (P = 0.0002), NSA (P = 0.0007), and IIA (P = 0.0316)
were considered to have statistical significance (Figure 5). Further, AVcen (OR: 1.41; 95%CI: 1.04-1.95) and AASA (OR:
1.44; 95%Cl: 1.21-1.77) should be paid much more attention due to the higher OR than other indicators. We constructed
receiver operating characteristic curves to assess the predictive performance of AVcen and AASA and found that the area
under the curve was 66.6% and 55.7%, respectively, which means that AASA had more predictive significance (Figure 6).
Combined with the results of independent samples t-test, we indicated that the AASA of SFFFH was smaller than that of
ONFH (Figure 7, Table 2).

DISCUSSION

SIFFH was considered a kind of pathological fracture due to poor bone quality, which is a disease predominantly
affecting elderly patients. Currently, labral tears[12], acetabular over-coverage[13,14], and deficient anterior coverage of
the acetabulum|[15,16] were considered the risk factors for SIFFH. Uchida et al[12] observed that the acetabular labrum of
all nine SIFFH patients were torn via hip arthroscopy. Acetabular over-coverage is one of the manifestations of pincer
impingement[17] and usually thought to have high morbidity of femoral acetabular impingement in youth[18]. However,
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Table 1 Baseline characteristics of subchondral fatigue fracture of the femoral head and osteonecrosis of the femoral head patients

SFFFH (n = 98) ONFH (n = 24) Pvalue t-value

Age (yr) 20.3 (17.0-25.0) 23.0 (18.0-35.0) 0.020' -2.495
Height (cm) 173.6 (160.0-184.0) 175.5 (167.0-183.0) 0.102 -1.674
Weight (kg) 65.5 (50.0-90.0) 68.8 (52.0-90.0) 0.171 -1.400
BMI (kg/m?) 21.7 (17.5-34.5) 22.3 (16.6-28.4) 0.436 -0.790
Treatment timing (mo) 9.6 (0.6-21.0) 6.3 (1-36) 0.002" 3.175
History of glucocorticoid use or alcoholism (%) 0 66.7 / /
Bilateral lesions (%) 10.2 62.5 / /
Collapse of femoral head (%) 69.4 25 / /

IStatistical significance.
BMI: Body mass index; ONFH: Osteonecrosis of the femoral head; SFFFH: Subchondral fatigue fracture of the femoral head.

Table 2 Acetabular coverage indicators of subchondral fatigue fracture of the femoral head and osteonecrosis of the femoral head

patients

SFFFH (n = 98) ONFH (n = 24) P value t-value
AVsup (%) 11.7 (11.2-12.3) 11.4 (10.8-12.1) 0.498 0.678
AVeen (%) 12,5 (12.2-12.9) 11.6 (11.1-12.1) 0.005 2813
AASA (%) 65.0 (64.3-65.6) 69.5 (68.5-70.5) 1.469e-13' 7.639
PASA (%) 89.9 (89.3-90.5) 91.1 (90.0-92.2) 0.063 -1.863
SASA (°) 122.8 (122.4-123.2) 1223 (121.5-123.0) 0234 1192
NSA (%) 134.8 (134.4-135.2) 131.4 (130.9-131.9) 22e-16! 10.128
1A () 63.9 (63.5-64.2) 64.5 (64.0-65.0) 0.040' 2,064
IPA () 31.1 (30.9-31.3) 30.7 (30.3-31.1) 0.068 1.829

IStatistical significance.

AASA: Anterior acetabular sector angle; AVcen: Acetabular anteversion of the center of the acetabulum; AVsup: Acetabular anteversion of the superior
acetabulum; BMI: Body mass index; IIA: Inferior iliac angle; IPA: Ischiopubic angle; NSA: Neck-shaft angle; ONFH: Osteonecrosis of the femoral head;
PASA: Posterior acetabular sector angle; SASA: Superior acetabular sector angle; SFFFH: Subchondral fatigue fracture of the femoral head.

Kimura et al[13] first reported a case of a 53-year-old woman with SIFFH due to acetabular over-coverage. The patient’s
bone mineral density was relatively low (T-score: —=1.3)[13]. The above previous studies were all based on insufficiency-
type fractures but few studies reported that hip geometry could also serve as an intrinsic factor related to fatigue-type
fracture in young people, especially in young military recruits.

In 2021, Kim DK and Kim TH]8] first found that NSA is a risk factor associated with SFFFH. The NSA of SFFFH was
higher than that of the femoral neck stress fracture (FNSF), which means that a higher NSA might increase the morbidity
and severity of SFFFH. On the other hand, previous data by Kuhn et al[19] confirmed that acetabular retroversion is
associated with an increased risk of sustaining an FNSF. Franken et al[20] also found that impingement-associated
deformities of the hip may cause FNSF. Tokyay et al[21] pointed out that acetabular morphology can predict the types of
proximal femoral fractures among elderly patients. NSA of trochanteric fracture was found to be less than that of the
femoral neck fracture, but there was no statistically significant difference between them. In our study, the NSA of SFFFH
was significantly higher than that of ONFH. However, we cannot identify the clinical significance from the results of
logistic regression. Above all, we believe that NSA might be related to SFFFH but NSA cannot cause SFFFH directly.

The acetabular morphology is believed to provide mechanical stability to the hip joint. The morphology of the
acetabulum distinctly differs from skeletal maturity. Albers et al[22] found distinct differences of the acetabular version
related to skeletal maturity. Version, assessed by MRI, was decreased in hips with open triradiate cartilage complex and
increased during skeletal maturation. By contrast, Monazzam et al[23] found that there were no substantial differences in
the acetabular version in children younger than 11 years, but a progressive increase of anteversion was noted in patients
older than 12 years of age. Hingsammer et al[24] reported decreased anteversion in skeletally immature compared with
skeletally mature subjects. However, it should be noted that the data of both studies were derived from computed
tomography (CT). CT cannot measure the true dimensions of the acetabulum, while MRI is suitable for accurately
measuring the margins of the acetabular wall in both skeletally mature and immature subjects. In our study, clinical data
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Figure 1 Measurement diagrams of each angle.
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Figure 2 Radiographs of subchondral fatigue fracture of the femoral head. A: Precollapse stage; B: Subchondral fracture lines (arrowhead); C:
Sclerotic margin below the fracture lines; D: Subchondral bone collapse; E: Subchondral bone defect; F: Osteoarthritis.
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Figure 3 Representative radiographs and magnetic resonance imaging images of subchondral fatigue fracture of the femoral head and
osteonecrosis of the femoral head. A: Subchondral fracture lines (arrowhead); B and C: Hypointense signal in T1-weighted images; D: Hypointense signal with
joint effusion in T2-weighted image; E: Subchondral fracture lines (arrowhead); F and G: Reactive interface line in T1-weighted image (arrow); H: Cystic degeneration
in T2-weighted image (star).

Variable N 0Odds ratio Pvalue
Age 122 | HEH | 1.43 (116, 1.88) 0.04
Height 122 - 0.99 (0.70, 1.25) 0.926
Weight 122 Fm— | 1.12(0.86, 1.77) 0.528
BMI 122 I—I—-—|' 0.77 (0.19, 1.59) 0.612
Treatment timing 122 - 0.86 (0.75, 0.96) 0.015
.
05 115
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Figure 4 Logistic regression analysis of clinical factors. Odds ratio (OR) > 1 indicates that the variable might be a protective factor; OR < 1 indicates that
the variable might be a risk factor. BMI: Body mass index.

from the new recruits were analyzed by MRI and the age of SFFFH patients was significantly younger than that of ONFH
ones. We identified that age was a risk factor for SFFFH based on logistic regression. Younger people are more
susceptible to SFFFH. Besides, patients with SFFFH tend to ignore the disease, leading to delayed treatment. Therefore,
encouraging high-risk groups to promptly seek medical attention upon the detection of symptoms has been shown to be
conducive to a shortened duration of the disease.

We classified the acetabular morphology with a focus on acetabular coverage parameters such as the SASA, AASA,
and PASA. None of the patients with SFFFH or ONFH had severe acetabular dysplasia (SASA < 110°). Therefore, the

WJCC | https://www.wjgnet.com 6738 October 6,2023 | Volume1l | Issue28 |

Jaishideng®



Yang JZ et al. Potential risk factors for SFFFH

Variable N 0Odds ratio Pvalue
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Figure 5 Logistic regression analysis of hip anatomy factors. Odds ratio (OR) > 1 indicates that the variable might be a protective factor; OR < 1
indicates that the variable might be a risk factor. AASA: Anterior acetabular sector angle; AVcen: Acetabular anteversion of the center of the acetabulum; AVsup:
Acetabular anteversion of the superior acetabulum; IIA: Inferior iliac angle; IPA: Ischiopubic angle; NSA: Neck-shaft angle; PASA: Posterior acetabular sector angle;
SASA: Superior acetabular sector angle.
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Figure 6 Receiver operating characteristic curves. A: Curve of anterior acetabular sector angle; B: Curve of acetabular anteversion of the center of the
acetabulum. AUC: Area under the curve.

lateral coverage was normal in patients with SFFFH and ONFH. In addition, a PASA of less than 86° is associated with
sports-related posterior hip dislocation[25]. In our study, none of the patients with SFFFH or ONFH was found to have a
posterior wall defect. Although both the lateral coverage and posterior wall were normal, the AASA of SFFFH patients
was smaller than the AASA of ONFH patients, which verified that deficient anterior coverage of the acetabulum should
be a risk factor for SFFFH. Deficient anterior coverage of the acetabulum causes SFFFH possibly due to the abnormal
stress distributions on the articular weight-bearing area[26]. Hip dysplasia is characterized by shallow acetabulum
leading to increased mechanical load on the femoral head and labrum[27]. Henak et al[26] indicated that the labrum
under poor coverage supported 2%-10% of the applied load more than the normal labrum by performing subject-specific
finite element modeling. However, there is no further study about how poor coverage induces SFFFH. Combining
activities beyond the physiologic tolerance level with abnormal mechanical properties of the hip joint, SFFFH might be
triggered easily. In the future, more research should focus on the mechanism of deficient anterior coverage causing
SFFFH.
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Figure 7 Violin plot of anterior acetabular sector angle and acetabular anteversion of the center of the acetabulum comparing subchon-
dral fatigue fracture of the femoral head with osteonecrosis of the femoral head. 2P value < 0.0001. AASA: Anterior acetabular sector angle; AVcen:
Acetabular anteversion of the center of the acetabulum; ONFH: Osteonecrosis of the femoral head; SFFFH: Subchondral fatigue fracture of the femoral head.

MRI is the most essential imaging modality for both patients with SFFFH and ONFH, so the comprehensiveness and
accuracy of the retrospective study were guaranteed. We found some evidence about distinguishing SFFFH and ONFH
mainly based on MRI findings. First, reactive interface (RI), surrounding the necrotic area, could be mainly seen in ONFH
but not in SFFFH. RI, also named sclerosis rim in X-ray or CT, had a protective effect on femoral head collapse[28,29]. Yu
et al[30] found that there was a negative correlation between the collapse rate and the proportion of proximal RI. When
the proportion is > 30%, the collapse risk is low, whereas at < 30%, the risk is high. Second, cystic lesions, often close to RI
in viable areas of the femoral head, could be a common pathologic feature in ONFH but not in SFFFH[31]. Gao et al[32]
also observed that the predilection locations of cystic lesions were mainly close to RI in ONFH and the main factor
inducing the formation of cystic lesions may be the peak stress at RI edge via an osteoarthritis-like mechanism. Third, the
femoral head of SFFFH patients collapses rapidly due to a large amount of joint fluid flowing into the cancellous bone,
causing osteocyte death once the cartilage is destroyed. The above three points could explain the observation that the
collapse ratio of the femoral head of SFFFH (69.4%) was higher than that of ONFH (25%) in our study. Fourth, SFFFH,
unlike ONFH, usually involves the unilateral femoral head.

For those SFFFH patients with pre-collapse lesions, conservative treatment including non-weight bearing with crutches
and non-steroidal anti-inflammatory agents should be performed[33]. Patients with collapse lesions can be divided into
two groups: Non-progression of collapse and progressive collapse with a diversity of etiologies. It is difficult to highlight
reasons for collapse of the femoral head on imaging in some patients. Besides, variation of recovery or worsening could
be found even among similar etiological cohorts[34]. Once the femoral head progressed to collapse following the loss of
the articular bony margin or arthritic change, their prognosis seemed to be the radiological findings in rapidly destructive
arthrosis of the hip joint (RDA)[7,35]. Kubo et al[36] found that tartrate-resistant acid phosphatase 5b, a specific bone
resorption marker associated with osteoclast cells, reflects the condition of progressive collapse in SIFFH as well as RDA.
Due to high activity levels in SFFFH patients, hip preservation techniques, such as transtrochanteric anterior rotational
osteotomy, have been recommended by many previous studies[37,38].

CONCLUSION

Taken together, we have, for the first time, identified AASA as a risk factor for SFFFH, which means that deficient
anterior coverage of the acetabulum could induce SFFFH directly. Besides, young people, especially those with a history
of intense training, are at higher risk for SFFFH. We advocate for the dissemination of scientific knowledge amongst high-
risk populations in order to promote timely intervention in cases of SFFFH. However, we only compared the indicators of
SFFFH and ONFH, and healthy people need to be included to solidify the results.
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ARTICLE HIGHLIGHTS

Research background
Osteoporosis was considered the main risk factor for hip fracture. However, hip fractures can also occur in young
patients with no osteoporosis. Although several studies have reported on insufficiency-type fractures of the femur, there
are limited reports on the impact of hip geometry on fatigue-type femoral fractures in young individuals, particularly in
young military recruits.

Research motivation
Subchondral fatigue fracture of the femoral head (SFFFH) mainly occurs in young military recruits and might be
confused with osteonecrosis of the femoral head. However, less research focuses on the risk factor for SFFFH.

Research objectives
Our study aimed to identify the intrinsic risk factors for SFFFH in young Chinese military recruits.

Research methods
X-ray and magnetic resonance imaging data were used for analysis. And logistic regression, receiver operating charac-
teristic curve analysis, and independent samples t-test were performed to identify the risk factors for SFFFH.

Research results

Overall, our findings indicate that a small anterior acetabular sector angle (AASA) indicates poor anterior coverage of the
femoral head and can increase the risk of SFFFH in young patients. Since patients with a history of intense military
training may be at higher risk for SFFFH, early detection and appropriate management are crucial to prevent further
deterioration of the femoral head and preserve joint function.

Research conclusions
Based on the findings of the study, we recommend orthopedic surgeons not to exclude the possibility of SFFFH in

patients who present with hip pain and have a history of intense military training, particularly if they have a small
AASA.

Research perspectives
We advocate for the dissemination of scientific knowledge amongst high-risk populations in order to promote timely
intervention in cases of SFFFH.
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