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Abstract 23 

The purpose of this narrative review is to outline pelvic injuries caused by sports, and to 24 

clarify their trends, treatment, and management. We describe the rehabilitation for sports injuries of 25 

the pelvis, with a focus on pelvic avulsion injuries and pelvic bone stress fractures. This narrative 26 

review of fifteen articles published in the last 10 years (from 2013 to 2023) reveals a dearth of 27 

new rehabilitation knowledge regarding sports-induced pelvic injuries.  28 

 29 

題目: スポーツによる骨盤損傷のスポーツ復帰のためのリハビリテーションに関するナラ30 

ティブレビュー 31 

所属先: 筑波大学 整形外科 32 

著者: 柳澤洋平、山崎正志 33 

抄録: このナラティブレビューの目的は、スポーツによる骨盤損傷を概説し、その傾向、治34 

療、管理を明らかにすることである。骨盤部スポーツ損傷として骨盤部剥離損傷と骨盤骨疲35 

労骨折に関して、リハビリテーションを中心に述べる。過去 10 年間（2013 年から 2023 年36 

まで）に発表された 15 編の論文のレビューを行い、スポーツによる骨盤損傷に関する新し37 

いリハビリテーションの知識について概説する。 38 

  39 



Introduction 40 

The purpose of this narrative review is to outline pelvic injuries caused by sports, and to clarify 41 

their trends, treatment, and management. We describe sports injuries of the pelvis, with a focus on the 42 

following two common sports injuries of the pelvis: pelvic avulsion injuries and pelvic bone stress 43 

fractures. In particular, we summarize the current state of knowledge about the rehabilitation of 44 

patients with pelvic avulsion injuries and pelvic bone stress fractures in sports. 45 

Previous literature was surveyed using PubMed. The survey period was from 2013 to 2023. 46 

Only articles written in English and investigating athletic populations were considered for inclusion. 47 

We included case reports, original papers, and review articles investigating the rehabilitation of 48 

athletes. We excluded other types of articles, such as notes, conference papers, letters, animal studies, 49 

short surveys, editorials, and author responses, as well as studies and case reports involving non-50 

athletes.  51 

For pelvic avulsion injuries, the search strategy in PubMed was as follows: “((((rehabilitation) 52 

AND (pelvic)) AND (avulsion)) AND (injury)) AND (athlete).” A total of 10 articles were retrieved. 53 

Abstract screening was conducted, and 7 articles were finally selected after excluding those that did 54 

not meet the study criteria[1][2][3][4][5][6][7]. For pelvic bone stress fractures, the search strategy in 55 

PubMed was as follows: “((((rehabilitation) AND (pelvic)) AND (stress)) AND (fracture)) AND 56 

(athlete).” A total of 22 articles were retrieved. Title and abstract screening were conducted, and 8 57 

articles were finally selected after excluding those that did not meet the study 58 

criteria[8][9][10][11][12][13][14][15]. 59 

 60 

Rehabilitation of Athletes with Pelvic Avulsion Injuries 61 

Pelvic avulsion injuries often occur in adolescent athletes. This injury is often a traction injury 62 

at the muscle-tendon attachment site where ossification of the pelvic region has not been completed. 63 



As the entire ossification nucleus is tractioned, the term “avulsion fracture” is used. This injury can 64 

also occur in adults who have completed ossification. Since ossification is complete in adult patients, 65 

soft-tissue failure at the muscle-tendon attachment site is more common than avulsion fractures. 66 

In general, cases of avulsion fractures with small dislocation of the avulsed bone fragments 67 

show good results with conservative treatment, while those with large dislocation may require 68 

surgery[1]. There is no scientific consensus regarding the amount of dislocation or the size of bone 69 

fragments for which surgery is indicated[1]. We discuss the 7 articles on the rehabilitation of athletes 70 

with pelvic avulsion injuries that were finally included[1][2][3][4][5][6][7]. 71 

 72 

1-1. Site of occurrence of pelvic avulsion injury 73 

Eberbach et al. reported the frequency of pelvic/hip avulsion injuries[1][16]. The anterior 74 

inferior iliac spine (AIIS) was the most common site of pelvic avulsion injury (33.2%), followed by 75 

the ischial tuberosity (IT) (29.7%) and anterior superior iliac spine (ASIS) (27.9%)[1][16]. Among the 76 

articles included in this review, one article involved AIIS avulsion fracture[4], three involved IT 77 

avulsion fracture[3][4][5], and one involved ASIS avulsion fracture[7] in adolescent athletes. 78 

Moreover, one article involved adductor longus tendon avulsion fracture[2], and one involved rectus 79 

abdominis and adductor longus avulsion fracture[6] in adult athletes. 80 

 81 

1-2. AIIS avulsion injury in adolescent athletes 82 

The AIIS is the attachment site of the rectus femoris muscle. The muscle originates from the 83 

AIIS and terminates on the tibial coarse surface via the patella and patellar ligament. It is a bifid muscle 84 

that straddles the hip and knee joints. The rectus femoris muscle flexes the hip joint and extends the 85 

leg at the knee joint.  86 

Rehabilitation after percutaneous fenestration was adapted from the protocol devised by 87 



Metzmaker and Pappas[17], which was utilized for the treatment of acute avulsion fractures. The 88 

Metzmaker rehabilitation protocol was empirically guided by biological tissue healing parameters and 89 

set clinical criteria encompassing subjective pain, palpation, range of motion, muscle strength, and 90 

radiographic appearance. Based on these indicators, rehabilitation progressed step by step from phase 91 

1 to phase 5. The rehabilitation approach for each of these five phases is further detailed in 1-week 92 

increments[4]. A previous case series included six male players who were full-time members of a 93 

category 1 status Premier League football academy. The mean age of the players was 13.9 years (range, 94 

12.7–15.2 years), and the mean time for return to full training following an AIIS avulsion fracture was 95 

14.8 weeks[4]. A detailed rehabilitation description is helpful in the treatment of anterior AIIS avulsion 96 

fractures in adolescents. 97 

A late complication to watch for after the rehabilitation process is anterior hip impingement due 98 

to heterotopic ossification[18]. This is a symptomatic condition in which the space between the 99 

acetabulum and femur narrows in the anterior aspect of the hip joint as a result of ossification. Of note 100 

is potential extensive heterotopic callus formation at the superior aspect of the acetabulum that may 101 

cause femoroacetabular impingement due to narrowing of the space between the greater trochanter 102 

and acetabular roof. This femoroacetabular impingement may cause chronic hip pain in youth. 103 

 104 

1-3. IT avulsion injury in adolescent athletes 105 

The IT represents the site of insertion of the hamstring muscle group, namely the long head of 106 

the biceps femoris, and the semitendinosus and semimembranosus muscles. The stop points are at the 107 

tibial and fibular heads. The hamstring extends the hip joint and flexes the knee joint. Like AIIS 108 

avulsion fractures, IT avulsion fractures are common in football players, sprinters, jumpers, and 109 

dancers[1]. 110 

In a previous report, five male patients with a mean age of 14 years (range, 12–17 years) who 111 



failed initial conservative treatment underwent internal fixation (four patients) or bone marrow 112 

aspirate injection (one patient)[3]. In these patients, botulinum injection chemoprotection was used to 113 

prevent subsequent rehabilitation. A phased rehabilitation program[3] was implemented, and all 114 

patients underwent supervised physical therapy with the following progression: 115 

1. Passive and active assisted range of motion (ROM) initially 116 

2. Gentle active ROM  117 

3. Isometric activities  118 

4. Closed chain strengthening and static proprioceptive activities  119 

5. Concentric to eccentric strengthening  120 

6. Release to dynamic activities such as jumping 121 

Weight-bearing as tolerated was initiated at a mean of 5.8 weeks (range, 4.4–6.8 weeks). It is 122 

not clear to what extent chemoprotection accelerates rehabilitation progression. The authors noted that 123 

chemoprotection eliminated the need for bracing, which limits hip flexion and keeps the knee in 90 124 

degrees of flexion[3]. 125 

There is another report on three patients who failed initial conservative treatment[5]. In this 126 

report, ultrasound-guided percutaneous needle fenestration was used as an intervention to promote 127 

fusion of the avulsed bone fragments. The authors stated that rehabilitation after this procedure was 128 

the same as in the acute setting because the situation was similar to that of fresh trauma. Rehabilitation 129 

after percutaneous fenestration was adapted from the protocol devised by Metzmaker and Pappas[17]. 130 

In this review, we found that the rehabilitation approach of Metzmaker and Pappas[17], which 131 

was published in 1985, is still the basis for today’s rehabilitation and has not changed significantly in 132 

the nearly 40 years that have passed since the publication of this paper. Two other reports only 133 

described advocating a period of rest[19] and delayed stretching[20]. 134 

Sciatic nerve palsy requires attention in both the acute and chronic phases. As a complication 135 



of an avulsed IT, sciatica may occur, which is related to irritation of the sciatic nerve by the avulsed 136 

bony fragment and/or hypertrophic bony callus formation or heterotopic ossification[5]. 137 

 138 

1-4. ASIS avulsion injury in adolescent athletes 139 

The ASIS represents the origin of the sartorius muscle and the tensor muscle of the fascia latae. 140 

The suture muscles stop on the medial side of the tibial coarse surface. The tensor muscle acts in hip 141 

flexion, abduction, and external rotation, and in knee flexion and internal rotation. The tensor muscle 142 

of the fascia latae terminates at Gerdy’s tubercle of the lateral tibial condyle via the iliotibial ligament. 143 

The tensor muscles of the fascia latae and the long tibial ligament work in conjunction with 144 

other muscle groups to assist and stabilize hip and knee joint motion. Sprinters or jumpers are typical 145 

athletes at risk for ASIS avulsion injury. 146 

With regard to rehabilitation, both conservative and surgical treatments have a guideline of 6 147 

weeks of exercise restriction. No weight restriction is required during that time. After 6 weeks of 148 

exercise restriction, the patient can return to his or her original sport[7], but no information is given 149 

regarding phased or specific rehabilitation. 150 

In both the acute and subacute phases, there is a risk of lateral femoral cutaneous 151 

neuropathy[7][21][22][23]. Lateral femoral cutaneous neuropathy presenting with proximal lateral 152 

thigh pain is called meralgia paraesthetica. It can be caused by compression associated with a muscle 153 

or hematoma, or by pressure from an avulsed bone fragment. Some reports have mentioned that 154 

avulsion fractures were relieved by conservative treatment[7][21], and others mentioned that avulsion 155 

fractures were quickly relieved by fixation of the bone fragments[22][23]. Hayashi et al. stated that 156 

acute-onset meralgia paresthetica is a target for conservative treatment, while delayed-onset meralgia 157 

paresthetica is a target for surgery. The authors further stated that surgical therapy can speed up the 158 

time to return to sports (RTS)[23]. 159 



 160 

1-5. Adductor longus muscle avulsion injury in adult athletes 161 

The long adductor muscle originates in front of the pubic symphysis and below the pubic 162 

tubercle. The adductor longus muscle inserts into the middle third of the linea aspera of the femoral 163 

shaft. It acts on the internal rotation and flexion of the hip joint. 164 

With regard to the rehabilitation of adult patients with avulsion injuries of the long adductor 165 

pollicis longus, both surgical and conservative treatments have been reported to have a positive 166 

turnaround to RTS. A previous small case series[24] in athletes indicated that the use of an exercise-167 

based approach resulted in a faster RTS time compared with surgical reattachment (RTS times of 6–168 

13 weeks compared with 12–21 weeks). 169 

Meanwhile, Serner et al. found that a supervised standardized criterion-based rehabilitation 170 

protocol without surgery was successful in 16 adult male competitive athletes with acute complete 171 

avulsion injuries of the adductor pollicis longus muscle[2]. The supervised standardized criterion-172 

based rehabilitation protocol[2][25] included nine groin exercises that were performed three times per 173 

week on alternate days. The athletes also followed a criteria-based running and sport function 174 

progression, including sprinting and changing direction with and without a ball. When athletes 175 

participated in the three weekly sessions, non-groin exercises were added on an alternating basis. The 176 

selection of additional exercises was not standardized but focused primarily on the posterior kinetic 177 

chain muscle groups (hip abductors, extensors, hamstrings, and calves). Additional exercises were 178 

determined by the individual athlete’s needs, including the type of sport and injury history[2]. 179 

Three different milestones were used to assess RTS continuity. The number of days from injury 180 

was calculated until (1) the individual was clinically pain-free, (2) controlled sports training was 181 

completed, and (3) full team training resumed, regardless of meeting all the protocol criteria[2][25]. 182 

Dutton et al. found that with managed rehabilitation using the above protocol, athletes with MRI grade 0 to 183 



2 (grade 2, fluid-equivalent intramuscular collection, indicating structural disruption) adductor muscle 184 

injuries reported that they were pain-free and returned to full team training within 3 months. Moreover, 185 

most athletes with MRI grade 3 (avulsion or complete musculotendinous disruption) adductor muscle 186 

injuries were pain-free within 3 months and returned to full team training[25]. With regard to late 187 

complications, the authors reported that 8% of cases of reinjury within 1 year occurred in patients who 188 

underwent strictly controlled rehabilitation[25]. Since most cases had reinjury within 2 months of 189 

joining the team’s overall practice[25], it may be necessary to consider this period as a risk period for 190 

reinjury and to observe patients more closely. 191 

 192 

 193 

2. Pelvic Bone Stress Injuries 194 

2-1. Prevalent sites and epidemiology of pelvic bone stress injuries 195 

Stress fractures account for 15% of injuries experienced by running athletes, and 4% of these 196 

involve the pelvis[26]. They represent a spectrum of bone disorders from early injury (stress reaction) 197 

to catastrophic failure of the bone fracture[12]. In an epidemiological study of athletes affiliated with 198 

the National Collegiate Athletic Association (NCAA) [13], the most common site was the metatarsals 199 

(37.9%), followed by the tibia (21.9%). The frequency of fatigue fractures in the lower back/lumbar 200 

spine/pelvic area was 12.1%, although the value for the pelvis was not described. Overall, 21.5% of 201 

stress fractures were recurrent injuries, and 20.7% were season-ending injuries[13].  202 

 203 

2-2. Risk factors of pelvic stress injuries 204 

Several risk factors for the development of stress injuries have been identified. Endogenous risk 205 

factors include female sex, amenorrhea, low bone density, low lean body mass, low aerobic fitness at 206 

the start of exercise, genu valgum, and leg length discrepancy[26][27][28]. Exogenous factors include 207 



a rapid progression of training programs, running on uneven or angled surfaces, running and jumping 208 

sports, deteriorated shoes, smoking, and poor nutrition[26][27][28].  209 

 210 

2-3. MRI findings and timing of Return To Sports  211 

A systematic review found that MRI findings were correlated with the return-to-work time[9]. 212 

A total of 16 studies involving 560 bone stress injuries met the inclusion criteria[9]. The MRI findings 213 

indicated a faster return to work for less severe injuries (stress reactions) and a slower return to work 214 

for more severe injuries (stress fractures). Moreover, trabecular-rich injury sites (e.g., the pelvis, 215 

femoral neck, and calcaneus) took longer to heal than cortical-rich injury sites (e.g., the tibia, 216 

metatarsal, and other long-bone injury sites)[9].  217 

 218 
2-4. Rehabilitation for pelvic bone stress injuries 219 

Pelvic bone stress injuries are generally considered to be easily treated with appropriate 220 

rehabilitation and do not require surgical intervention. In particular, the sacrum and pubic ramus reflect 221 

lower-risk sites of injury and are typically managed with activity modification to a pain-free level[11]. 222 

During rehabilitation, it is important to maintain cardiopulmonary function, muscle strength, 223 

and neuromuscular control, while avoiding aggravation or stress to the injured area. Non-weight-224 

bearing/low-impact exercises like water jogging and cycling are often used to maintain physical fitness. 225 

A 4-week underwater running program can maintain leg strength, VO2 max, and running performance. 226 

Muscle strength and leg length imbalances related to neuromuscular control deficits identified on 227 

initial physical examination need to be corrected. 228 

Leg length imbalances can be treated with heel lifts and custom shoe inserts. Through patient education, 229 

efforts should be made to prevent future stress injuries. Proper progression of the training program is 230 

necessary to reduce musculoskeletal overload. 231 

The U.S. Army training program was reported to have reduced fatigue fractures in military 232 



personnel[10]. The Army Physical Readiness Training Program[10] standardizes the intensity, 233 

duration, amount, frequency, and balance of exercise for U.S. military personnel. It was thought that 234 

the ability to train moderately without overloading led to the prevention of fatigue fractures. 235 

The effect of osteopathic manipulative treatment on the prevention of fatigue fractures was 236 

investigated in student cross-country athletes affiliated with the NCAA[14]. Osteopathic-trained 237 

medical students regularly assessed the musculoskeletal status of the athletes and intervened when 238 

necessary on an ongoing basis, and in male athletes, it was suggested that fatigue fractures were 239 

reduced[14]. While many internal factors are involved in fatigue fractures in female athletes, external 240 

factors are the main causes of fatigue fractures in male athletes, suggesting that regular observation of 241 

musculoskeletal status may provide an early response to the risk factors for fatigue fractures. Future 242 

follow-up studies are desirable owing to the small number of subjects involved and the fact that this 243 

was an observational study rather than a comparative study. 244 

 245 

2-5. Other treatments for pelvic bone stress injuries (medication, etc.) 246 

In female athletes, each additional daily serving of skim milk reduced the incidence of stress 247 

fractures by 62%[29]. In female Navy basic training recruits, the incidence of stress fractures was 248 

reduced by 20% for every 2000 mg of calcium and 800 IU of vitamin D per day for 8 weeks[30]. 249 

Based on the above reports, we believe it is also important to try to prevent this problem, especially 250 

from the perspective of endocrine nutrition, regarding emotional athletes. 251 

In addition, a case report showed that teriparatide (parathyroid hormone [PTH] preparation) 252 

was effective in improving sciatic fatigue fractures[15]. PTH activates osteoblasts, stimulating bone 253 

remodeling and an overall increased trabecular bone volume and cortical thickness. After 16 weeks of 254 

conservative treatment from the onset of symptoms, the patient’s symptoms did not improve, and drug 255 

therapy was initiated. The findings in this case report[15] suggest that PTH preparations may be 256 



effective in fatigue fractures. A protocol for, in this case, RCT in Army recruits (136 men and women 257 

aged 18–40 years) with MRI-diagnosed lower body fractures (pelvic girdle, sacrum, coccyx, or lower 258 

limb) has now been approved[31], and the results are currently in the analysis phase. Further results 259 

on the effect of PTH on fatigue fractures are awaited. 260 

 261 

Competing interests 262 

None to declare. 263 

Funding 264 

None. 265 

Author Contributions  266 

YY, MY conceived the study. YY drafted the manuscript, and MY revised it. All the authors approved 267 

the final version of the manuscript.  268 

 269 

  270 

References  271 

1. Albtoush OM, Bani-Issa J, Zitzelsberger T, Springer F. 2020. Avulsion injuries of the pelvis and hip. 272 

Rofo. 192:431–40. doi.org/10.1055/a-1082-1598 273 

2. Serner A, Hölmich P, Arnaiz J, Tol JL, Thorborg K, Weir A. 2021. One-year clinical and imaging 274 

follow-up after exercise-based treatment for acute complete adductor longus tendon avulsions in athletes: 275 

A prospective case series. Am J Sports Med. 49:3004–13. doi/org/10.1177/03635465211015996 276 

3. Shilt J, McHorse G, Moisiuc A, Kushare I. 2021. Chemoprotection with botulinum toxin following 277 

proximal hamstring-ischial tuberosity avulsion fracture repair: Running title: Chemoprotection for 278 

hamstring avulsion fractures. J Clin Orthop Trauma. 12:172–6. doi.org/10.1016/j.jcot.2020.06.030. 279 

4. Murray E. 2019. An interesting case series describing a spate of pelvic avulsion injury in a cohort of 280 



elite adolescent footballers. Phys Ther Sport. 35:7–11. doi.org/10.1016/j.ptsp.2018.10.010. 281 

5. Schoensee SK, Nilsson KJ. 2014. A novel approach to treatment for chronic avulsion fracture of the 282 

ischial tuberosity in three adolescent athletes: a case series. Int J Sports Phys Ther. 9:974–90.  283 

6. Short SM, Anloague PA, Strack DS. 2016. Rehabilitation and return to sport following surgical repair 284 

of the rectus abdominis and adductor longus in a professional basketball player: A case report. J Orthop 285 

Sports Phys Ther. 46:697–706. doi/org/ 10.2519/jospt.2016.6352 286 

7. Hsu CY, Wu CM, Lin SW, Cheng KL. 2014. Anterior superior iliac spine avulsion fracture presenting 287 

as meralgia paraesthetica in an adolescent sprinter. J Rehabil Med. 46:188–90. doi/org/10.1016/S0196-288 

0644(95)70122-2 289 

8. Hoenig T, Eissele J, Strahl A, Popp KL, Stürznickel J, Ackerman KE. 2023. Return to sport following 290 

low-risk and high-risk bone stress injuries: A systematic review and meta-analysis. Br J Sports Med. 291 

57:427–32. doi/10.1136/bjsports-2022-106328 292 

9. Hoenig T, Tenforde AS, Strahl A, Rolvien T, Hollander K. 2022. Does magnetic resonance imaging 293 

grading correlate with return to sports after bone stress injuries? A systematic review and meta-analysis. 294 

Am J Sports Med. 50:834–44. doi/org/10.1177/0363546521993807 295 

10. Chalupa RL, Aberle C, Johnson AE. 2016. Observed rates of lower extremity stress fractures after 296 

implementation of the army physical readiness training program at JBSA fort Sam Houston. US Army 297 

Med Dep J. 6–9.  298 

11. Dutton RA. 2021. Stress fractures of the hip and pelvis. Clin Sports Med. 40:87131. doi/org/ 299 

10.1016/j.csm.2020.11.007 300 

12. Henning PT. 2014. The running athlete: Stress fractures, osteitis pubis, and snapping hips. Sports 301 

Health. 6:122–7. doi/org/ 10.1177/1941738114523381 302 

13. Rizzone KH, Ackerman KE, Roos KG, Dompier TP, Kerr ZY. 2017. The epidemiology of stress 303 

fractures in collegiate student-athletes, 2004–2005 through 2013–2014 academic years. J Athl Train. 304 



52:966–75. doi/org/10.4085/1062-6050-52.8.01 305 

14. Brumm LF, Janiski C, Balawender JL, Feinstein A. 2013. Preventive osteopathic manipulative 306 

treatment and stress fracture incidence among collegiate cross-country athletes. J Am Osteopath Assoc. 307 

113:882–90. doi/org/10.7556/jaoa.2013.066 308 

15. Gende A, Thomsen TW, Marcussen B, Hettrich C. 2019. Delayed-union of acetabular stress fracture in 309 

female gymnast: Use of Teriparatide to Augment Healing. Clin J Sport Med. 1–3.  310 

doi/org/10.1097/JSM.0000000000000739 311 

16. Eberbach H, Hohloch L, Feucht MJ, Konstantinidis L, Südkamp NP, Zwingmann J. 2017. Operative 312 

versus conservative treatment of apophyseal avulsion fractures of the pelvis in the adolescents: A 313 

systematical review with meta-analysis of clinical outcome and return to sports. BMC Musculoskelet 314 

Disord. 18:1–8. doi/org/10.1186/s12891-017-1527-z 315 

17. Metzmaker JN, Pappas AM. 1985. Avulsion fractures of the pelvis. Am J Sports Med. 13:349–58. 316 

doi/org/10.1177/036354658501300510 317 

18. Novais EN, Riederer MF, Provance AJ. 2018. Anterior inferior iliac spine deformity as a cause for 318 

extra-articular hip impingement in young athletes after an avulsion fracture: A case report. Sports Health. 319 

10:272–6. doi/org/10.1177/1941738117744547 320 

19. Kujala UM, Orava S, Karpakka J, Leppävuori J, Mattila K. 1997. Ischial tuberosity apophysitis and 321 

avulsion among athletes. Int J Sports Med. 18:149–55. doi/org/10.1055/s-2007-972611 322 

20. Gidwani S, Jagiello J, Bircher M. 2004. Avulsion fracture of the ischial tuberosity in adolescents—An 323 

easily missed diagnosis. BMJ. 329:99–100. doi/org/10.1136/bmj.329.7457.99 324 

21. Thanikachalam M, Petros JG, O’Donnell S. 1995. Avulsion fracture of the anterior superior iliac 325 

spine presenting as acute-onset meralgia paresthetica. Ann Emerg Med. 26:515–7. doi/org/ 326 

10.1016/S0196-0644(95)70122-2 327 

22. Buch KA, Campbell J. 1992. Acute onset meralgia paraesthetica after fracture of the anterior superior 328 



iliac spine. Injury. 24:569–70. doi/org/10.1016/0020-1383(93)90043-6 329 

23. Hayashi S, Nishiyama T, Fujishiro T, Kanzaki N, Kurosaka M. 2011. Avulsion-fracture of the 330 

anterior superior iliac spine with meralgia paresthetica: A case report. J Orthop Surg (Hong Kong). 331 

19:384–5. doi/org/ 10.1177/230949901101900327 332 

24. Scegehll TF, Bushnell BD, Godfrey J, Boublik M. 2009. Success of nonoperative management of 333 

adductor longus tendon ruptures in national football league athletes. Am J Sports Med. 37:1394–9.  334 

25. Dutton RA. 2021. Stress fractures of the hip and pelvis. Clin Sports Med. 40:363–74. 335 

doi/org/10.1177/2325967119897247 336 

26. Hosey RG, Fernandez MM, Johnson DL. 2008. Evaluation and management of stress fractures of the 337 

pelvis and sacrum. Orthopedics. 31:383–5. doi/org/10.3928/01477447-20080401-14 338 

27. Miller C, Major N, Toth A. 2003. Pelvic stress injuries in the athlete: Management and prevention. 339 

Sports Med. 33:1003–12. doi/org/10.2165/00007256-200333130-00005 340 

28. McCormick F, Nwachukwu BU, Provencher MT. 2012. Stress fractures in runners. Clin Sports Med. 341 

31:291–306. doi/org/ 10.1016/j.csm.2011.09.012 342 

29. Nieves JW, Melsop K, Curtis M, Kelsey JL, Bachrach LK, Greendale G. 2010. Nutritional factors that 343 

influence change in bone density and stress fracture risk among young female cross-country runners. PM 344 

R. 2:740–50. doi/org/10.1016/j.pmrj.2010.04.020 345 

30. Lappe JM, Cullen D, Haynatzki G, Recker R, Ahlf R, Thompson K. 2008. Calcium and vitamin D 346 

supplementation decreases incidence of stress fractures in female navy recruits. J Bone Miner Res. 347 

23:741–9. doi/org/10.1359/jbmr.080102 348 

31. Carswell AT, Eastman KG, Casey A, Hammond M, Shepstone L, Payerne E. 2021. Teriparatide and 349 

stress fracture healing in young adults (RETURN – research on Efficacy of teriparatide Use in the Return 350 

of recruits to Normal duty): Study protocol for a randomised controlled trial. Trials. 22:1–18. 351 

doi/org/0.1186/s13063-021-05556-3.  352 


