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des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

In group II, the ultrasound-guided percutaneous lavage was 5 times successful. Failure of the proximal catheter alone was noted once, whereas failure of the distal catheter alone was noted 7 times.

The failure of both catheters was noted 3 times. At a mean follow-up of 19.7 days, mean handgrip strength was 56.5% compared to the contralateral side in group I and 82% in group II (p<0.05).

However, there was no significant difference for pain, QuickDASH, total active mobility between group I and group II. Pain was at 1.4/10 for group I and 1.4/10 for group II. QuickDASH was measured at 27/100 for group I and 22.27/100 for group II. Total active mobility was 227° for group I and 243° for group II.

In conclusion, surgical treatment of the phlegmons of the finger flexor tendon sheath with an ultrasound-guided percutaneous lavage technique gives significantly better short-term grip strength than the conventional open technique. 

Introduction

Phlegmons of the digital flexor tendon sheaths are a surgical emergency whose functional prognosis depends on the disease severity and the speed of management [START_REF] Stevanovic | Acute Infections[END_REF][START_REF] Michon | Phlegmon of the tendon sheaths[END_REF][START_REF] Sokolow | Bacterial flexor tenosynovitis in the hand. A series of 68 cases[END_REF]. The diagnosis is essentially clinical [START_REF] Kanavel | Infections of the hand: a guide to the surgical treatment of acute and chronic suppurative processes of the fingers, hand, and forearm[END_REF]. The use of ultrasound may help identify difficult cases [START_REF] Prunières | Ultrasound for Diagnosis of Pyogenic Flexor Tenosynovitis[END_REF]. The majority of cases require surgical treatment [START_REF] Stevanovic | Acute Infections[END_REF]. Several techniques for surgical drainage of the flexor tendon sheath have been described [START_REF] Stevanovic | Acute Infections[END_REF]. Some techniques are less invasive and their authors recommend drainage of the sheath using a catheter after a surgical approach proximal of the A1 pulley [START_REF] Neviaser | Closed tendon sheath irrigation for pyogenic flexor tenosynovitis[END_REF]. A recent cadaveric study reports the feasibility of an ultrasound-guided percutaneous lavage with 2 catheters [START_REF] Boyer | Designing a minimally-invasive, ultrasound-guided, percutaneous technique of washout of the flexor tendon sheath: an anatomical study[END_REF].

The purpose of this work was to analyze the results of this percutaneous lavage technique with 2 catheters on a clinical series.

The main hypothesis was that during surgical treatment of the phlegmons of the digital flexor tendon sheath the grip strength was superior in the short term with the ultrasound-guided percutaneous lavage technique with 2 catheters to that of a conventional open technique. The secondary hypotheses were that pain, Quick DASH, and total active mobility were better with ultrasound-guided percutaneous technique.

Materials and Methods

All records of patients operated in our department for symptomatic phlegmon of the digital flexor tendon sheath between July 2017 and September 2018 were reviewed retrospectively. Patients under 18 years of age, pregnant women, phlegmons secondary to a fluid injection under pressure, patients with chronic inflammatory disorders of the flexor tendons were excluded.

We included patients with a clinical presentation of a phlegmon of the flexor sheaths if they have: firstly, at least 3 of the 4 criteria of Kanavel (slightly flexed finger, fusiform swelling of the flexor tendon, tenderness at palpation of the flexor tendon, and pain during passive finger extension) [START_REF] Kanavel | Infections of the hand: a guide to the surgical treatment of acute and chronic suppurative processes of the fingers, hand, and forearm[END_REF]; and secondly, a unilateral increase of more than 20% of the diameter of the flexor sheath facing the A2 pulley, measured on ultrasound [START_REF] Prunières | Ultrasound for Diagnosis of Pyogenic Flexor Tenosynovitis[END_REF]. Three patients were lost to follow-up. The series included 32 patients, including 19 men and 13 women, with an average age of 43.4 years old (Tables I andII).

All patients underwent locoregional anesthesia in outpatient surgery with a pneumatic tourniquet inflated at the proximal part of the upper limb.

The first 16 patients (group I) were operated by a conventional open technique. After trimming of a possible entry point, 2 proximal and distal oblique incisions were made to determine the phlegmon stage according to the Michon classification [START_REF] Michon | Phlegmon of the tendon sheaths[END_REF], to take a sample of the synovial fluid for a bacteriological analysis, then to carry out an antegrade drainage and irrigation of the flexor sheath with physiological saline using one 14 to 20 gauge catheter (BD Insyte®, Becton Dickinson ™, Sandy, UT, USA) (Fig. 1). When synovitis was observed at the cutaneous opening (stage 2b of Michon), a zigzag palmodigital approach was performed to facilitate a synovectomy of the flexor apparatus.

The last 16 patients (group II) were operated by an ultrasound-guided percutaneous technique using the LOGIQ E R7® (General Electric ™, Fairfield, CT, USA) with an L8-18i (8-18 MHz) probe and a Uni'gel US® acoustic interface gel (Asept Inmed ™, Quint Fonsegrive, France). The surgeons performed themselves the ultrasonography. A puncture was performed at the proximal pouch of the sheath of the flexor apparatus in order to first determine the phlegmon stage according to Michon, based on the appearance of the synovial fluid [START_REF] Michon | Phlegmon of the tendon sheaths[END_REF]; and to second perform a bacteriological analysis. If no entry point was identified, two 14-20 gauge catheters (BD Insyte®, Becton Dickinson ™, Sandy, UT, USA) were inserted under ultrasound guidance at each end of the tendon sheath. Antegrade lavage with saline was performed (Fig. 2). In case of failure of ultrasound-guided percutaneous washing via one or two entry points, observed when the digital tunnel did not seem permeable, a conversion by the open technique identical to that of group I was performed. When synovitis was observed at the cutaneous entry point during a conversion (stage 2b), a zigzag palmodigital approach was performed for a synovectomy of the flexor apparatus.

Postoperative outcomes were the same in both groups. Oral antibiotherapy with amoxicillin + clavulanic acid (3g/day) was started except in case of allergy to betalactams (1.2g Dalacine/day).

Gentle mobilization was authorized immediately after the reversal of the patient from the anesthesia.

Follow up was done on the post-operative day (POD) 2 for dressing change and adaptation of antibiotic therapy according to the antibiogram (for a total duration of 7 days), then after cutaneous healing (for clinical evaluation).

The evaluation consisted in measuring in the short term (3 weeks) the overall grip strength measured in % of the contralateral side with the Jamar-Dynamometer at the notch 2 in the neutral position of the wrist, the pain on a numerical scale of 0 (no pain) to 10 (maximum pain imaginable), the global function of the upper limb by the Quick DASH questionnaire from 0 (normal upper limb) to 100 (unusable upper limb) [START_REF] Dubert | The DASH questionnaire. French translation of a trans-cultural adaptation[END_REF], total active mobility of digital channels in degrees (TAM) [START_REF] Cooper | Fundamentals of Hand Therapy: Clinical Reasoning and Treatment Guidelines for Common Diagnoses of the Upper Extremity[END_REF].

The purpose of the statistical analysis, after verifying that the 2 groups were comparable, was to compare the means of the 4 unpaired quantitative variables (strength, pain, Quick DASH, total active mobility). The difference was considered significant when p <0.05.

Quantitative variables were presented as means +/-standard deviation and were compared between groups using the non-parametric Mann-Whitney test. The qualitative variables were described by presenting the numbers and percentages of each modality and then compared between the groups using the Pearson χ² test or the Fisher exact test according to the theoretical numbers. A p-value <0.05 was considered statistically significant. The analyses were carried out using the R version 3.4.1 software.

Results

The analytical results are presented in Tables III and IV. Sixteen interventions were performed in each of the two groups.

Intraoperative, in group II, ultrasound-guided percutaneous lavage successful in both proximal and distal catheters was noted 5 times. Ultrasound-guided percutaneous lavage successful with the proximal catheter but unsuccessful with the distal catheter was noted 7 times. Ultrasound-guided percutaneous lavage unsuccessful with the proximal catheter but successful with the distal catheter was noted once. Ultrasound-guided percutaneous lavage unsuccessful with both proximal and distal catheter was noted thrice.

At an average follow-up of 19.7 days, grip strength averaged 56.5% +/-30.6% in group I and 82% +/-24.8% in group II. With p = 0.02056, the difference was significant between the two groups.

The pain was on average 1.4/10 +/-1.6/10 in group I and 1.4/10 +/-2.0/10 in group II. With p = 0.8523, the difference was not significant between the two groups. The Quick DASH averaged 27.00/100 +/-23.59/100 in group I and 22.27/100 +/-23.89/100 in group II. With p=0.4418, the difference was not significant between the two groups. Total active mobility averaged 227° +/-33° in group I and 243° +/-38° in group II. With p=0.1969, the difference was not significant between the two groups.

Discussion

The first technique for draining phlegmons from the digital flexor tendon sheaths by catheter was described in 1978 [START_REF] Neviaser | Closed tendon sheath irrigation for pyogenic flexor tenosynovitis[END_REF]. The introduction of the catheter required a surgical approach in the distal palmar crease. Subsequently, some authors have modified the drainage technique by introducing a multi-perforated flexible catheter throughout the length of the digital canal [START_REF] Chung | Modifications to simplify intrathecal irrigation for pyogenic flexor tenosynovitis[END_REF][START_REF] Jing | Simplifying irrigation in flexor tenosynovitis[END_REF]. The introduction of the catheter always required a surgical approach in the distal palmar crease. Other authors have used the same technique but have left the catheter in place for several days [START_REF] Hohendorff | Treatment of digital pyogenic flexor tenosynovitis: single open debridement, irrigation, and primary wound closure followed by antibiotic therapy[END_REF][13][START_REF] Makhijani | An Easy Method for Drainage of Fluid in Cases of Continuous Irrigation of the Hand[END_REF]. Some authors have investigated the feasibility of an ultrasound-guided percutaneous lavage technique on a cadaveric model using short catheters, each placed at one end of the sheath [START_REF] Boyer | Designing a minimally-invasive, ultrasound-guided, percutaneous technique of washout of the flexor tendon sheath: an anatomical study[END_REF]. The purpose of this work was to validate this technique on a clinical series.

Among the strengths of our study, our results showed the statistically significant superiority of the percutaneous technique regarding the speed of recovery of the grip strength. It should be noted that no complications were found in group II. On the other hand, in group I, a patient (n° 12) presented a recurrence of phlegmon, which required a surgical revision on post-operative day (POD) 3. Some studies report 9 to 38% of complications [START_REF] Stern | Established hand infections: a controlled, prospective study[END_REF][START_REF] Giladi | A systematic review of the management of acute pyogenic flexor tenosynovitis[END_REF].

Among the methodological weaknesses of our study, although results from the Quick DASH and the total active mobility were better with the percutaneous technique, the small sample size did not allow to show a significant superiority. One might think that the failure rate of the percutaneous technique is important since the ultrasound-guided percutaneous lavage was possible only 12 times out of 16 in proximal and 6 out of 16 in distal. Regarding the proximal catheter, the failure rate of our study (25%) is similar to or better than that of the cadaveric study (35%) [START_REF] Boyer | Designing a minimally-invasive, ultrasound-guided, percutaneous technique of washout of the flexor tendon sheath: an anatomical study[END_REF]. This difference can be explained by the fact that the level of expertise of the operators was lower in the cadaveric study.

Conversely, the success rate was 75% in our study, demonstrating its feasibility with a low conversion rate. Regarding the distal catheter, the failure rate of our study could seem high (62.5%). In reality, it corresponds in 7 cases to a wound that required trimming as advocated by some [START_REF] Hohendorff | Treatment of digital pyogenic flexor tenosynovitis: single open debridement, irrigation, and primary wound closure followed by antibiotic therapy[END_REF]. Because of the trimming, the percutaneous technique was no longer necessary. In the 9 cases where there was no distal wound to trim, we observed only 3 failures. The relative failure rate is therefore 3 out of 9 or 33%, which corresponds to that observed in the cadaveric study (35%) [START_REF] Boyer | Designing a minimally-invasive, ultrasound-guided, percutaneous technique of washout of the flexor tendon sheath: an anatomical study[END_REF].

Among the weaknesses of the ultrasound-guided percutaneous technique, it may be noted that it does not allow the evidence to extract a foreign body. In the presence of a foreign body, an open conventional technique should be preferred. Some authors consider that the treatment of phlegmons of the digital flexor tendon sheaths can be performed in outpatient clinics [START_REF] Bauman | The outpatient treatment of pyogenic flexor tenosynovitis[END_REF]. All our patients were also treated in outpatient surgery.

The main hypothesis was verified since during the surgical treatment of the phlegmons of the finger flexor tendon sheath the grip strength was greater in the short term with an ultrasound-guided percutaneous lavage technique with 2 catheters than that of a conventional open technique. No secondary hypothesis was verified.

In conclusion, surgical treatment of the phlegmons of the finger flexor sheath with a percutaneous lavage technique with 2 catheters sound to give better short-term strength than the conventional open technique. 
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1 Abstract

 1 The aim of this work was to analyze the results of a percutaneous drainage technique with 2 catheters during surgical treatment of phlegmons of the finger flexor tendon sheath. Our series included 32 patients with a phlegmon of flexor tendon sheaths, including 19 men and 13 women, mean age 43.4 years. The first 16 patients (group I) were treated by a conventional open technique for the lavage and drainage of the affected tendon sheath. The last 16 (group II) were treated by an ultrasound-guided percutaneous lavage technique with 2 catheters: one proximal and one distal. In the case of impermeability of the digital canal, conversion by open technique was carried out.

Résumé

  Le but de ce travail était d'analyser les résultats d'une technique de drainage percutané échoguidé avec 2 cathéters lors du traitement chirurgical des phlegmons de la gaine des fléchisseurs des doigts. Notre série comprenait 32 patients présentant un tableau de phlegmon des gaines des fléchisseurs, dont 19 hommes, d'âge moyen 43,4 ans. Les 16 premiers (groupe I) ont été opérés par une technique ouverte conventionnelle de lavage de la gaine et les 16 derniers (groupe II) par une technique percutanée échoguidée de lavage avec 2 cathéters par voies proximale et distale. En cas d'imperméabilité du canal digital, une conversion par technique ouverte a été réalisée. Dans le groupe II, le lavage percutané échoguidé était 5 fois suivi de succès. L'échec du cathéter proximal seul était noté 1 fois et du cathéter distal seul 7 fois. L'échec des 2 cathéters était noté 3 fois. Au recul moyen de 19,7 jours, la force de la poigne moyenne était respectivement 56,5% par rapport au côté controlatéral dans le groupe I et 82% dans le groupe II (p<0,05), la douleur 1,4/10 et 1,4/10, le Quick DASH 27/100 et 22,27/100, la mobilité active totale 227° et 243°. En conclusion, le traitement chirurgical des phlegmons de la gaine des fléchisseurs des doigts avec une technique de lavage percutané échoguidé avec 32 cathéters donne une meilleure force de la poigne à court terme que la technique ouverte conventionnelle. Mots clés : lavage ; drainage ; gaine des fléchisseurs ; échographie ; phlegmon
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 2 Figure 1 Surgical approach for sheath washing of finger flexor tendons by open technique with

Table I .

 I [START_REF] Giladi | A systematic review of the management of acute pyogenic flexor tenosynovitis[END_REF] patients operated by conventional open lavage technique for a phlegmon of the digital flexor tendon sheaths

	Patien	Gende	Age	Handeness Finger	Wound Entry Point	Delay Kanavel	Bacteriology
	t	r								
	(n)	(M/F) (years)	(R/L)	(R/L	Localisation	Agent	(days)	(/4)	
					1-5)		of			
							Injury			
	1	M	44		L2	Palmar DIP Metallic	4	3	Staphylococcus
				R			Object			epidermidis/Staphylococcu
										s pasteuri
	2	M	37		L2	Palmar PIP Metallic	1	3	
				R			Object			Negative culture
	3	M	30		R1	Finger tip	Metallic	4	3	Staph aureus
				R			Object			
	4	M	62	R	L3	PIP	Cat bite	1	3	Staph aureus
	5	F	42		L4	Palmar P1	Metallic	1	3	
				R			Object			Pasteurella multocida
	6	F	26	R	R1	Finger tip	?	5	3	Staph pasteuri
	7	M	67	R	L5	Palmar MCP	Wood splinter	1	3	Pasteurella multocida
	8	F	52		L2	Palmar	Metallic	0	4	Strepto mitis/Strepto
				R		MCP	Object			oralis/Gemella
										Haemolysans
	9	M	21	R	R1	Palmar P1	Wood splinter	0	3	Staphylococcus aureus
	10	M	21	R	L4	Palmar	Metallic	1	3	
						MCP	Object			Negative culture
	11	F	18	R	L2	Palmar P1	Cat	3	3	Negative culture
							scratch			
	12	M	44	R	R2	Radial side	Metallic	3	3	Streptococcus
						PIP	Object			pyogenes/Staphylococcus aureus
	13	M	44	R	L3	Palmar P2	Wood	2	3	Negative culture
							splinter			
	14	M	44	R	R2	Palmar P2	Wood	9	4	Enterobacter
							splinter			cloacae/Klebsiella oxytoca
	15	F	25	A	R2	Palmar PIP	Cat bite	1	4	Pasteurella multocida
	16	M	51	R	R2	Palmar	Wood	1	4	Staphylococcus
						MCP	splinter			epidermidis/Enterobacter cloacae
	M : male ; F : female; R : right ; L : left ; A : Ambidextrous ; 1-5 : digits 1-5	
	Staph : Staphylococcus aureus ; Strepto : Streptococcus				
										1

Table II .

 II [START_REF] Giladi | A systematic review of the management of acute pyogenic flexor tenosynovitis[END_REF] patients operated by ultrasound-guided percutaneous lavage technique for a phlegmon of the digital flexor tendon sheaths

	Patien	Gende	Age	Handenes	Digi	Entry Point	Incubatio	Kanave	Bacteriology
	t	r	(years	s	t	Localisatio	Agent of	n	l	
	(N)	(M/F)	)	(R/L)	(R/L	n	Injury	(days)	(N/4)	
					1-5)					
	1	M	52		R3	Palmar P2	Metalli	5	3	Staph aureus/Klebsiella
				R			c Object			oxytoca/Actynomices odontolyticus/Finegoldia magna
	2	M	60		L3	Palmar P1	Metalli	0	3	Negative culture
				R			c			
	3	M	51		L4	Palmar P2	Metalli	5	3	Negative culture
				R			c Object			
	4	F	40		R3	Palmar +	Human	1	3	Haemophilus
				R		dorsal P2	bite			parainfluenzae/streptococcus
										oralis/actinomyces oris
	5	F	63	R	R1	Finger tip	crack Skin	1	3	GABHS
	6	F	81	R	R3	Finger tip	Glass	6	4	GABHS
	7	M	48	R	R1	Perionyxis	?	10	3	Negative culture
	8	F	71		L3	Palmar P3	Metalli	2	3	Negative culture
				R			c Object			
	9	F	68	R	L1	Radial side	Wood	2	3	Negative culture
						P1	splinter			
	10	M	28		L3	Palmar P1	Metalli	3	4	Bacillus species/Clostridium
							c			perfringens
							Object			
	11	F	50	R	L5	4th Web	Dog bite	1	3	Negative culture
	12	M	23	R	L2	Palmar DIP	Metalli	3	3	Enterobacter cloacae
							c			
							Object			
	13	F	31	R	R3	Palmar DIP	Metalli	4	3	Staphylococcus aureus
							c			
							Object			
	14	M	18	R	R2	Palmar PIP	?	2	4	Staphylococcus
										aureus/Haemophilus
										parainfluenzae/Staphylococcu
										s epidermidis
	15	M	34	R	L3	Palmar DIP	Metalli	0	3	Staphylococcus
							c Object			epidermidis/Rothia mucilaginosa
	16	F	43	R	R3	Palmar PIP	Metalli	4	3	Negative culture
							c			
							Object			
	M : male ; F : female ; R : right ; L : left ; A : Ambidextrous ; 1-5: digits 1-5;	
	GABHS: Group A beta-hemolytic streptococci				

Table IV .

 IV Post-operative results of a series of 16 patients operated by ultrasound-guided percutaneous lavage technique for a phlegmon of the digital flexor tendon sheaths

	Patient Follow-	Michon	Conversion	Force Pain QuickDASH TAM Complications
		up	stage							
		(days)		Proximal	Distal					
	(n)		(1, 2a,	(Y/N)	(Y/N)	(%)	(0-	(0-100)	(°)	(Y/N)
			2b, 3)				10)			
	1	13	2a	N	N	97	1	6.82	265	N
	2	14	1	N	N	90	0	11.36	222	N
	3	15	1	Y	Y	98	0	9.09	250	N
	4	9	2a	N	N	-	0	-	265	N
	5	11	2a	Y	Y	10	1	84.09	240	N
	6	4	1	N	Y	70	0	25	220	N
	7	56	1	Y	N	95	1	6.82	285	N
	8	9	2a	Y	Y	88	2	22.73	160	N
	9	13	2a	N	Y	100	0	2.27	285	N
	10	47	1	N	N	57	7	54.55	240	N
	11	11	1	N	N	55	3	31.82	200	N
	12	13	2a	N	Y	100	0	0	265	N
	13	22	2a	N	Y	100	1	9.09	300	N
	14	38	1	N	Y	95	3	2.27	215	N
	15	14	1	N	Y	85	0	18.18	200	N
	16	24	2a	N	Y	89	4	50	270	N

TAM: total active motion; Y: yes; N: No