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Athletic Pubalgia: Return to Play after Targeted Surgery

Keywords: Athletic pubalgia, Sports surgery, Return to sports, Groin pain, Sports hernia

   

A c c e p t e d M a n u s c r i p t ABSTRACT Background: Surgery for athletic pubalgia usually consists in abdominal wall repair combined with routine bilateral adductor tenotomy. We currently confine the surgical procedure to the injured structure(s) (abdominal wall only, adductor tendon only, or both) to limit morbidity and expedite recovery. Outcomes of this à la carte approach are unclear. The objectives of this retrospective study were to determine the return to play (RTP) time, evaluate the potential influence of injury location, and assess the frequency of recurrence or contralateral involvement.

Hypothesis: A la carte surgery for athletic pubalgia is associated with similar RTP times as the conventional procedure and is not followed by recurrence.

Material and methods: Consecutive adults younger than 40 years of age who underwent surgery for athletic pubalgia with injury to the abdominal wall and/or adductor attachment sites between 2009 and 2015 were included. Patients with intra-articular hip disorders, isolated pubic symphysis involvement, or herniation were not eligible. The diagnosis was established clinically then confirmed by at least one imaging technique (ultrasonography plus either a radiograph of the pelvis or magnetic resonance imaging of the pelvis). The criterion for performing surgery was failure of appropriate conservative therapy followed for at least 3 months.

Results: Of the 27 included patients, 8 had abdominal wall involvement only, 7 adductor tendon involvement only, and 12 both. Overall, 25 (92.6%) patients returned to play at their previous level, after a mean of 112±38 days (range, 53-223 days), and experienced no recurrence during the 1-year follow-up. Mean RTP time was significantly shorter in the group with abdominal wall injury only (91.1±21.0 days) compared to the groups with adductor tendon injury only (101.7±42.0 days) or combined injuries (132.5±39.0) (p=0.02).

A c c e p t e d

M a n u s c r i p t

INTRODUCTION

Pubalgia is a fairly uncommon condition seen chiefly in young athletes [START_REF] Gilmore | Gilmore's groin: ten years of experience of groin disruption -a previously unsolved problem in sportsmen[END_REF][START_REF] Gilmore | Groin pain in the soccer athlete: fact, fiction, and treatment[END_REF][START_REF] Launay | Sports-related overuse injuries in children[END_REF] and places a substantial burden on elite players, accounting for 5% to 6% of career-long injuries [START_REF] Gilmore | Groin pain in the soccer athlete: fact, fiction, and treatment[END_REF][START_REF] Anderson | Hip and groin injuries in athletes[END_REF]. Athletic pubalgia reflects injury to one or more pubic structures, which include the pubic symphysis enthesis; inguinal canal wall; attachment of the rectus abdominis muscles; and myotendinous junction and attachment site of the adductors [START_REF] Garvey | Sports hernia or groin disruption injury? Chronic athletic groin pain: a retrospective study of 100 patients with long-term follow-up[END_REF][START_REF] Martens | Adductor tendinitis and musculus rectus abdominis tendopathy[END_REF][START_REF] Ashby | Chronic obscure groin pain is commonly caused by enthesopathy: "tennis elbow" of the groin[END_REF]. When conservative treatment fails, surgery enables 80% to 100% of patients to resume their sports activities after 3 to 4 months [START_REF] Queiroz | Return to sport after surgical treatment for pubalgia among professional soccer players[END_REF][START_REF] Elattar | Groin injuries (athletic pubalgia) and return to play[END_REF][START_REF] Jakoi | Sports hernia in National Hockey League players: does surgery affect performance?[END_REF].

The surgical treatment of athletic pubalgia usually involves re-tensioning of the abdominal wall, notably the transverse fascia, combined routinely with bilateral adductor tenotomy [START_REF] Queiroz | Return to sport after surgical treatment for pubalgia among professional soccer players[END_REF]11,[START_REF] Larbi | MRI in patients with chronic pubalgia: Is precise useful information provided to the surgeon? A case-control study[END_REF]. We currently use a different approach, in which surgery is confined to the injured structure(s) on the affected side (abdominal wall, adductor tendon, or both), with no routine contralateral procedure, the goal being to limit morbidity and expedite recovery.

The outcomes of this individualized unilateral procedure are unclear.

The objectives of this retrospective study were to determine the return to play (RTP) time, evaluate the potential influence of injury location, and assess the frequency of recurrence of contralateral involvement. The working hypothesis was that a la carte surgery for athletic pubalgia was associated with similar RTP times as the conventional procedure and was not followed by recurrence. Athletic pubalgia was diagnosed based on a physical examination by a sports physician and a surgeon. The diagnosis was confirmed by at least one imaging technique showing injury to the abdominal wall attachment site and/or adductors. The imaging studies consisted of an ultrasound scan and either a radiograph or magnetic resonance imaging (MRI) scan of the pelvis. The images also served to rule out differential diagnoses such as hip joint disease and inguinal hernia. Evidence of pubic symphysis remodelling was sought on the radiograph. Ultrasound signs of athletic pubalgia included abdominal wall disruption and pubic enthesopathy. In addition, the ultrasound scan was used to rule out inguinal hernia. MRI scans were examined for signs of pubic symphysis inflammation and/or adductor tendinopathy [START_REF] Larbi | MRI in patients with chronic pubalgia: Is precise useful information provided to the surgeon? A case-control study[END_REF]. Based on the imaging study findings, patients were classified as having abdominal wall injuries, adductor tendon injuries (usually to the adductor longus), or both.

MATERIALS AND METHODS

Patients

Patients were eligible only if they had received at least 3 months of appropriate conservative therapy. Patients with hip joint disease, isolated pubic symphysis abnormalities, or inguinal hernia were not included. Neither were patients practicing sports at the recreational or local level eligible for inclusion.

Operative technique

General anaesthesia was used. Only the injured structures were treated and, consequently, the strategy differed depending on whether the injury involved the lower abdominal wall and/or the adductor tendons. In patients whose injury was confined to the adductor tendons, an orthopaedic surgeon (FK) performed adductor tenotomy through the tendon body, via a 1 cm-long direct approach. A small-calibre suction drain was inserted and A c c e p t e d M a n u s c r i p t left in place for 24 hours. When the injury was confined to the abdominal wall, an abdominal surgeon (FM) performed a variant of the Lichtenstein procedure with re-tensioning of the transverse fascia [START_REF] Amid | Critical scrutiny of the open "tension-free" hernioplasty[END_REF][START_REF] Lichtenstein | The tension-free hernioplasty[END_REF]. A 5 to 6 cm-long incision was performed in the groin, from the pubic spine to the deep inguinal ring. An incision was then made in the external oblique aponeurosis, and the inguinal ligament inferiorly, conjoined tendon superiorly, and pubic spine medially were exposed. The spermatic cord was isolated and absence of an inguinal hernial sac confirmed. An incision was made along the entire length of the transverse fascia, allowing confirmation of the absence of a femoral hernia. Non-absorbable suture was used to re-tension the transverse fascia. The inguinal wall was strengthened by suturing a nonabsorbable mesh to the conjoined tendon and inguinal ligament. The external oblique aponeurosis then the transverse fascia were closed using continuous non-absorbable suture.

No drainage was used. In patients with injuries to both the abdominal wall and adductor tendons, both above-described procedures were performed during a single stage, by two surgical teams.

Patients were discharged home on the evening of the procedure or on the next day, with a prescription for standard analgesics. They were told they could start to run on day 15 and return to their previous sports activities on day 45.

Assessment methods

The following data were collected: age at management initiation, symptom duration, weight, height, sport practiced, and level of sports practice. The surgical team re-evaluated each patient 6 weeks after the surgical procedure. Subsequent follow-up was provided by the sports club physicians, who collected the dates the patient returned to running, training, and play (defined as participation in competitions at the same level as previously). A visual All patients were contacted by a physician at our department by telephone or e-mail at least 1 year after surgery, to obtain replies to the following questions: Have you been able to return to your previous level of sports practice? and if so, how long after surgery? Over the past year, have you experienced recurrent pain on the same side or on the other side that forced you to stop your sports practice? and if so, for how long did you need to stop? The replies obtained by telephone or e-mail were checked against the data collected by the sports club physicians to avoid inaccuracies due to recall bias.

Statistical analysis

The Shapiro-Wilk test showed that patient distribution was not normal. Consequently, between-group comparisons were performed using Fisher's exact test for binary variables and the Kruskal-Wallis test for continuous variables.

A non-parametric Cox survival analysis was conducted to describe RTP time in each group, and the two groups were then compared using the log-rank test. Quantitative data were compared by univariate Cox analysis. Values of p lower than 0.05 were taken to indicate significant differences.

RESULTS

Patients

Of the 28 patients managed in our department for athletic pubalgia during the recruitment period, 27 met the inclusion criteria and were included; the remaining patient A c c e p t e d M a n u s c r i p t was 55 years of age. There were 26 male football players and 1 female handball player.

Mean age was 26.4±5.0 years (range, 18-39 years).

Of the 27 patients included in the analysis, 7 had injuries to the adductors, 8 injuries to the abdominal wall, and 12 both. The injuries were unilateral in 17 (62.9%) patients and bilateral in 10 (37.1%) patients; of these last 10 patients, 4 had abdominal wall injuries, 2 adductor tendon injuries, and 4 both. The three groups were comparable regarding age, body mass index, gender distribution, level of sports, and symptom duration. Overall, mean symptom duration was 16±14 months (range, 3-70 months) (Table 1). Mean follow-up duration was 33±20 months (range, 12-76 months). Of the 27 athletes, 18 were professionals and 9 elite amateurs (Table 1).

The symptoms first occurred while playing football in the 26 males. The remaining patient was a female handball player with bilateral injuries to the adductor tendons.

Outcomes: return to play (RTP) and pain

Of the 27 patients, 25 (92.6%) returned to play, after a mean of 112 days (range, 53-223 days) and experienced no recurrence during the follow-up of at least 1 year. The remaining 2 patients had residual pain precluding the resumption of their sports activities.

One of these patients was a female amateur handball player with bilateral adductor injuries and the other was a male football player with both abdominal wall and adductor injuries who had recurrent pain in the lower abdomen.

Mean time to resumption of running was 39.5 days (range, 7-140 days) overall, 39.8 days (range, 10-90 days) in the adductor group, 23 days (range, 7-30 days) in the abdominal wall group, and 49.7 days (20-140 days) in the combined injury group (p=0.078). Mean RTP time was significantly shorter in the group with isolated abdominal wall injuries, i.e., 91. 2).

The proportion of patients able to return to their previous level of sports was 100% in the group with unilateral injuries and 80% in the group with bilateral injuries (Table 3).

Mean time to resumption of running was 38.9 days (range, 10-90 days) in the patients with unilateral and 40.4 days (range, 7-140 days) in those with bilateral injuries (p=0.62). RTP time was 110.6 days (range, 53-223 days) in the unilateral injury group and 114.5 days (range, 69-185 days) in the bilateral injury group (p=0.13). Finally, the VAS pain score during sports was higher in the bilateral injury group (1.9 versus 0.5; p=0.1).

DISCUSSION

The results of this study confirm the high RTP rate after surgery for athletic pubalgia (92.6%), with a mean RTP time of 111.8 days (range, 53-223 days) [START_REF] Jakoi | Sports hernia in National Hockey League players: does surgery affect performance?[END_REF][START_REF] Meyers | Experience with "sports hernia" spanning two decades[END_REF][START_REF] Meyers | Management of severe lower abdominal or inguinal pain in high-performance athletes. PAIN (Performing Athletes with Abdominal or Inguinal Neuromuscular Pain Study Group)[END_REF]. All patients whose injuries were unilateral were able to return to their previous level of sports activities.

RTP was the primary outcome measure in this study and was assessed by the athlete and sports club physician. Other studies used season performance statistics as an objective measure of the RTP level. Thus, Jakoi et al. [START_REF] Jakoi | Sports hernia in National Hockey League players: does surgery affect performance?[END_REF] studied 43 National Hockey League athletes who underwent surgery to treat pubalgia due to any cause. Over the two seasons following surgery, numbers of games played, goals scored, and assists were significantly lower than during the two seasons before surgery [START_REF] Jakoi | Sports hernia in National Hockey League players: does surgery affect performance?[END_REF].

The objectives of this study included an evaluation of outcomes of a la carte surgery for athletic pubalgia, defined as surgery confined to the injured structures. The injuries were confined to the abdominal wall in 8 patients and to the adductor tendons in 7 patients. RTP times were 91.1 and 101.7 days in these two groups, respectively, compared to 132.5 days in A c c e p t e d M a n u s c r i p t the group with injuries to both structures (p=0.02). Furthermore, RTP time was significantly shorter in the group with isolated abdominal wall injuries, in which no complications specific to the implanted mesh were recorded. Consistent with these findings, in a metaanalysis of 56 selected studies by King et al. [START_REF] King | Athletic groin pain: a systematic review and meta-analysis of surgical versus physical therapy rehabilitation outcomes[END_REF], RTP time was significantly shorter in the group with abdominal wall injuries only (50 days) than in the group with adductor injuries only (128 days), combined injuries (153 days), or osteitis pubis (162 days). In all studies, the procedure on the adductors consisted in a tenotomy. Abdominal wall injures were repaired during either laparoscopic or open surgery, by transverse fascia re-tensioning with or without implantation of a reinforcing mesh.

At last follow-up, none of the patients with unilateral injures had developed injuries on the other side. In patients with bilateral injuries, RTP time was not increased (114 days vs. 110 days; p=0.13) but a trend was noted towards worse residual pain during sports activities (VAS score, 1.9 vs 0.5; p=0.1), with the pain predominating in the lower abdominal wall.

In athletes, adductor muscle weakness is a significant risk factor for pubalgia [START_REF] Engebretsen | Intrinsic risk factors for groin injuries among male soccer players: a prospective cohort study[END_REF]. Isolated adductor tenotomy is often advocated for the first-line treatment, as a simple procedure associated with a low morbidity rate. However, outcomes of this approach are inconsistent, with RTP rates of 60% to 70% and an RTP time of about 120 days [START_REF] Akermark | Tenotomy of the adductor longus tendon in the treatment of chronic groin pain in athletes[END_REF][START_REF] Atkinson | Adductor tenotomy: its role in the management of sports-related chronic groin pain. Arch A c c e p t e d M a n u s c r i p[END_REF][START_REF] Robertson | Adductor tenotomy in the management of groin pain in athletes[END_REF].

These mediocre outcomes may be ascribable to concomitant abdominal wall or joint lesions that escape pre-operative detection but are found post-operatively in 25% of cases [START_REF] Sansone | Can hip impingement be mistaken for tendon pain in the groin? A long-term follow-up of tenotomy for groin pain in athletes[END_REF]. This possibility was taken into consideration in our study by separating isolated adductor, isolated abdominal wall, and combined injuries and by excluding patients with hernias or hip joint disorders. Nevertheless, in patients with proven isolated injury to the adductors, partial tenotomy may provide faster recovery with RTP in 97% of patients and a mean RTP time of 9 weeks (10.6 weeks in our study) [START_REF] Schilders | Effectiveness of a selective partial adductor release for chronic adductor-related groin pain in professional athletes[END_REF].

A c c e p t e d M a n u s c r i p t

The limitations of our study include the small size of each group, which is due to the low incidence of athletic pubalgia. However, we focussed specifically on injuries to the lower abdominal wall or adductors. Groin pain is a multifactorial condition that is often due to a combination of abnormalities. We therefore excluded patients with inguinal hernia, isolated abnormalities of the pubic symphysis, or hip joint disorders. Another possible limitation is that recall bias may have affected our RTP data. However, RTP and RTP time as assessed in our department were compared to the data collected by the sports club physicians.

CONCLUSION

A la carte surgery for athletic pubalgia targeting the injured structures is followed by a return to competition within 3-4 months. The RTP time is shorter in patients with injuries confined to the abdominal wall. The targeted approach advocated here is directed solely to the symptomatic region, with the goal of limiting the morbidity associated with combined or contralateral procedures, whose routine use is often advocated. Further investigations are needed to assess the impact of a la carte surgery on sports performance.

Disclosure of interest: None of the authors has any conflicts of interest to declare.

A c c e p t e d M a n u s c r i p t 

  This retrospective single-centre study included consecutive patients aged 18 to 40 years who underwent surgery for athletic pubalgia between September 2009 and December 2015. All patients were elite amateur or professional athletes.

  A c c e p t e d M a n u s c r i p t analogue scale (VAS) for pain intensity was completed by the patient daily and during sports activities.
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  c c e p t e d M a n u s c r i p t days (range, 69-125 days) versus 101.7 days (range, 53-180 days) in the adductor group and 132.5 days (range, 88-223 days) in the combined injury group (p=0.02) (Figure 1, Table
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Figure 1 :
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Table 1 :

 1 Main features of the 27 study patients

		Total	Adductor injury	Abdominal wall	Both	p value
				injury		
	N	27	7	8	12	
	Age, years, mean (range)	26.4 (18-39)	29.7 (22.5-39)	26.9 (18.8-32.2)	24.1 (17.9-32)	0.11
	BMI, mean (range)	24.1 (21.5-29.4)	25.4 (21.7-29.4)	23.8 (22.1-26.7)	23.5 (21.5-25.7)	0.25
	Male gender, n (%)	26 (96.3%)	6 (85.7%)	8 (100%)	12 (100%)	0.26
	Professional athlete, n (%)	18 (66.7%)	5 (71.4%)	5 (62.5%)	8 (66.7%)	0.99
	Symptom duration,	16.1 (3-70)	19.7 (3-70)	17 (4-45)	13.2 (4-24)	0.95
	months, mean (range)					
	Unilateral injury, n (%)	17 (62.9%)	5 (71.4%)	4 (50%)	8 (66.7%)	0.68
	Follow-up duration,	33 (12.3-76.5)	29.8 (12.3-72.3)	22.5 (15.3-40.7)	41.8 (13.7-76.5)	0.12
	months, mean (range)					
	BMI, body mass index				

Table 2 :

 2 Time to return to play and pain during sports activities according to the site of injury

		Overall	Adductor injury	Abdominal wall	Both	p value
				injury		
	N	27	7	8	12	
	Return to play, n	25	6	8	11	-
	VAS pain score, daily,	0.22 (0-4)	0	0.5 (0-4)	0.2 (0-2)	0.64
	mean (range)					
	VAS pain score during	1.04 (0-7)	1 (0-7)	1.5 (0-4)	0.8 (0-4)	0.23
	sports, mean (range)					
	Time to running, days,	39.5 (7-140)	39.8 (10-90)	23 (7-30)	49.7 (20-140)	0.078
	mean (range)					
	Time to training, days,	82.2 (40-220)	74.3 (40-150)	66.4 (50-105)	98.1 (43-220)	0.17
	mean (range)					
	Time to competition,	111.8 (53-223)	101.7 (53-180)	91.1 (69-125)	132.5 (88-223)	0.02
	days, mean (range)					
	VAS, visual analogue scale				

Table 3 :

 3 Time to return to play and pain during sports activities in the groups with unilateral and bilateral injuries

	Unilateral	Bilateral	p value