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Abstract 1 

Background: The current management of displaced capitellum fractures is traditionally surgical. 2 

Most authors perform open reduction and internal fixation. 3 

The working hypothesis was that closed reduction and internal fixation of capitellum fractures is 4 

achievable by arthroscopy. 5 

Methods: We carried out a cadaveric study on six fresh frozen elbows. We performed two Bryan 6 

and Morrey type I fractures of the capitellum, three type II and one type IV using a 15mm 7 

osteotome. Fracture reduction was performed under arthroscopy using a probe hook and an aiming 8 

femoral instrument set. Fixation with a lag screw was performed under arthroscopy and radioscopic 9 

control. We reviewed, two patients who had been operated on for a type I and type II capitellum 10 

fracture and osteosynthesized under arthroscopy with a 7.5 years follow-up. 11 

Results: In our cadaveric study, we obtained anatomical reduction and stable osteosynthesis in four 12 

cases. We had two failures (2 type II fractures) due to a fracture of the fragment during screwing. In 13 

our clinical study, range of motion was very satisfactory with only a 5° extension deficit. The x-rays 14 

did not reveal any signs of osteoarthritis or periarticular ossification. One patient had minimal signs 15 

of osteonecrosis.  16 

Conclusions: Arthroscopic osteosynthesis of capitellum fractures is feasible and reproducible. We 17 

recommend cannulated lag screws for Bryan and Morrey type I and IV fractures and adjustable lock 18 

pins for type II fractures. We have shown that this technique gives good results on two patients with 19 

a 7.5-year follow-up. 20 

Level of evidence: IV 21 

 22 

 23 

 24 

25 
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Introduction 26 

Hahn and Steinthal were the first to describe capitellum fractures in the middle of the 19th century. 27 

Capitellum fractures represent 1 to 2% of distal humerus fractures [1]. By definition the fracture is 28 

articular. In the frontal plane, the fracture line is slightly oblique downward and backward with an 29 

anterior and proximal displacement. The fragment is of variable size. Several classifications attempt 30 

to describe the different types of fractures. Bryan and Morrey [2] classification modified by Mc Kee 31 

[3] is the most commonly used:  32 

- type I fracture, concerning the capitellum with or without a small lateral portion of the trochlea,  33 

- type II fracture, which is a thin osteochondral fragment detached from the capitellum,  34 

- type III fracture, which is a comminuted fracture of the capitellum  35 

- type IV fracture, concerning the capitellum and a large part of the trochlea. 36 

The traditional management of displaced capitellum fractures is surgical. Fractures type I, III and 37 

IV are treated by open reduction and internal fixation (ORIF) [3-9] and fractures type II are either 38 

treated by ORIF [10] or removal of the loose fragment [6, 9, 11-13].  39 

 40 

The working hypothesis was that closed reduction and internal fixation of capitellum fractures is 41 

achievable by arthroscopy. The primary objective of this study was to carry out an anatomical study 42 

on cadaveric specimens in order to evaluate the feasibility and reproducibility of arthroscopic 43 

capitellum fracture osteosynthesis. The secondary objective was to evaluate the long-term clinical 44 

and radiological outcomes of two patients treated with arthroscopic osteosynthesis. 45 

 46 

Material and Methods 47 

Anatomical study 48 

- Preparation of specimens and fractures: 49 

We used six fresh frozen elbows from bodies donation, that respects all ethical recommendations for 50 

anatomical studies [14]. Dissections were performed after a night of thawing at room temperature. 51 
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The upper limbs had no previous fractures, no previous incisions, and showed no evidence of 52 

degenerative joint disease. The average age of the subjects was 85 years (range 78-92). There were 53 

five right and one left elbows from four men and two women. We created through a short lateral 54 

approach two type I fractures (Figure 1-A), three type II capitellum fractures and one type IV 55 

fracture using a 15 mm osteotome. The arthrotomy was then hermetically sealed. 56 

- Osteosynthesis protocol 57 

We used an arthroscopic column, a standard scope with a diameter of 4.5 angled 30° and a probe 58 

hook. For fragment reduction, we used an outside-inside femoral knee ligamentoplasty instrument 59 

set, a 1.2mm diameter pin, a cannulated screwdriver and 3.5mm diameter partially threaded 60 

cannulated screws.  61 

- Surgical technique: 62 

Underlying bony structures were palpated and marked before any joint distension. The capsule was 63 

distended with twenty milliliters of saline injected into the joint through the posterior soft-point. 64 

The arthroscope was introduced through an anterolateral portal, 2cm below the lateral epicondyle, 65 

just in front of the humeroradial line. The anteromedial portal was localized by trans-illumination, 66 

2cm in front of the medial condyle, and by an outside-inside technique using a needle allowing 67 

precise identification. The scope was then introduced through the anteromedial portal. The 68 

anterolateral portal was then used for instrumentation (probe hook and an aiming femoral 69 

instrument set). The fracture was then reduced under arthroscopic control using a probe hook 70 

(Figure 1-B). Subsequently, an aiming femoral instrument set was introduced to complete the 71 

reduction using its hook and to maintain the reduction (Figure 1-C). Using the appropriate guide 72 

sleeve, the guiding pin was placed from back to front under radioscopic and arthroscopic control to 73 

check its positioning, the absence of extrusion beyond the capsule, and to measure the length of the 74 

screw. The instrument set was removed to allow the cannulated drill bit to pass through, still under 75 

radioscopic control. Finally, the 3.5mm short thread cannulated screw was inserted on the guiding 76 

pin under fluoroscopic and arthroscopic control (Figure 1-D). 77 
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 78 

Evaluation criteria: The quality of reduction and osteosynthesis was assessed after dissection of 79 

each specimen. The reduction was considered insufficient if the displacement in one direction was 80 

greater than 1 mm. The positioning of the screw in relation to the fracture line and surrounding 81 

elements was assessed, as well as the absence of joint protrusion of the screw or posterior 82 

protrusion of the screw head, which could lead to conflict with the olecranon. The duration of the 83 

intervention was recorded. 84 

 85 

Clinical application 86 

We retrospectively evaluated two patients operated on for an isolated capitellum fracture: a Bryan 87 

and Morrey [2]  type II fracture in a 14-year-old female (Figure 2-A, 2-B and 2-C) and a type I 88 

fracture in a 70-year-old female (Figure 3-A and 3-B). 89 

These patients were clinically reviewed for the study. The clinical evaluation assessed elbow's range 90 

of motion, stability and pain on a scale from 0 to 10. Functional results were assessed by the 91 

functional scores: Quick-Dash and Mayo Clinic Elbow Performance Score (MEPS). 92 

Anteroposterior and lateral x-rays were analyzed at last follow-up for signs of capitellum 93 

osteonecrosis, nonunion, periarticular ossification and osteoarthritis according to the Broberg and 94 

Morrey scale [15].  95 

 96 

 97 

Results 98 

- Anatomical study 99 

We had two failures and four good results. Both failures were two of the type II capittelum fractures 100 

whose fragment's thickness was insufficient to allow placement of a lag screw without causing a 101 

fracture. The other four specimens showed stable osteosynthesis and anatomical reductions. The 102 

screws were in the correct position (perpendicular to the fracture line). 103 



 5 

The average operating time between the skin incision and osteosynthesis is 29 minutes (minimum: 104 

22 min - maximum: 37 min).  105 

Table 1 summarizes the data collected after dissection of the six anatomic specimens. 106 

 107 

- Clinical cases 108 

The average follow-up was 7.5 years. The clinical results are listed in Table 2. At the last 109 

radiological follow-up, no nonunion, osteoarthritis or peri-articular ossification was diagnosed 110 

(Figures 2-F, 2-G, 3-C and 3-D). Signs of osteonecrosis were diagnosed in the 14-year-old patient 111 

(Figure 2-F and 2-G).  112 

 113 

 114 

 115 

Discussion 116 

Capitellum fractures fixation can be performed under arthroscopy. The long-term results are very 117 

satisfactory, offering mobility and indolence without signs of radiological osteoarthritis. 118 

Depending on the type of capitellum fracture, several therapeutic options have been described. In 119 

the case of displaced Bryan and Morrey type I fractures, closed reduction [9] and ORIF [4, 5, 7, 8, 120 

16, 17] with screws, pins or plates have been described. In a 2002 case report, Hardy et al. [18] 121 

proposed an arthroscopic anteroposterior screwing technique for osteosynthesis of the capitellum on 122 

a 35-year-old patient with a type I fracture. Union was obtained at 2 months. At last follow-up, 123 

range of motion of the elbow was 140° in flexion and -15° in extension with unlimited prono-124 

supination. 125 

In case of a non-displaced type II fracture, nonoperative treatment is most often chosen and in the 126 

case of a displaced fracture, osteosynthesis is seldom recommended due to the risk of fracture 127 

fragmentation during the placement of a compression lag screw [12]. Most authors recommended 128 

open excision of the fragment [6, 9, 11-13] or in a case report, Feldman [19] described arthroscopic 129 
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excision of the fragment and Sodl [10] in a case report open osteosynthesis with osteosuture. In our 130 

anatomical study, the arthroscopic screw fixation of type II capitellum fractures was a failure due to 131 

a secondary fracture of the fragment during screw fixation. In our clinical study, the 14-year-old 132 

patient had a type II fracture. Osteosynthesis was performed with adjustable lock pins to limit the 133 

risk of fragmentation of the capitellum. The thinness of the anterior part of the fractured capitellum 134 

does not allow a screw to be placed satisfactorily; the risk of fracture of the fragment is greater 135 

when the screw itself is placed or when compression is performed. Based on our anatomical study, 136 

we do not recommend osteosynthesis by screwing type II capitellum fractures, nevertheless, our 137 

clinical experience suggest that an alternative to a fragment excision might be to use adjustable lock 138 

pins [20]. 139 

Authors disagree regarding type III comminuted fracture. Lasanios [12] recommended ORIF and, in 140 

the event of a major comminution, conservative treatment. Bilsel [4] and Mighell [7] performed 141 

ORIF with screws and pins in the event of a major comminution. Grantham [11] removed the 142 

fragments in most cases. Faber [21] proposed total elbow arthroplasty for significant comminution 143 

in the elderly. 144 

Type IV fracture described by Mc Kee is rare and the preferred treatment is osteosynthesis [3]. Its 145 

reduction must be perfect as the risk of instability is major because it concerns the capitellum and 146 

the lateral part of the trochlea [22]. 147 

 148 

Concerning osteosynthesis, there are two controversial fixation methods: anteroposterior and 149 

posteroanterior screwing. In our anatomical series, all fixations were done with posteroanterior 150 

3.5mm percutaneous cannulated lag screws. For the 14-year-old patient, pinning was 151 

posteroanterior and for the 70-year-old patient, due to the weakness of the posterior cortex, the 152 

screw had to be placed in a lateromedial direction. According to Mosheiff [23], a posteroanterior lag 153 

screw may expose its placement into the articular surface. According to Muller [24], this screwing 154 

method for this type of fracture does not provide optimal primary mechanical hold. We believe that 155 
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performing this type of osteosynthesis under arthroscopic control and dynamically testing it 156 

significantly reduces these risks. In addition, it would also seem interesting to consider 157 

osteosynthesis with double threaded screws, such as double-threaded screws, to optimize their hold 158 

with a better compression of the bony fragment. 159 

Arthroscopic osteosynthesis of the capitellum offers many advantages. Classical advantages: 160 

reduced risk of infection, no arthrotomy, respect for cartilage and ligaments. New advantages: 161 

reduction of the risk of devascularization of the fragment thanks to periosteum preservation and 162 

thus reduction of the risk of osteonecrosis, precision of the reduction, control of the positioning of 163 

the screw and in particular the risk of cartilage intrusion, dynamic control of the stability of the 164 

osteosynthesis and better accessibility to the medial compartment for injury evaluation. However, 165 

this technique requires extensive experience in elbow arthroscopy and is most often performed in a 166 

delayed emergency. 167 

Feldman [19] published in 1997 a case report on two patients with a Bryan and Morrey type II 168 

capitellum fracture treated with arthroscopic excision of the osteochondral fragment with good 169 

clinical results. Arthroscopic resection of thin fragments and comminuted fragments therefore 170 

seems to be a good alternative to osteosynthesis of type II capitellum fractures while maintaining 171 

the benefit of arthroscopy.  172 

The clinical results of our series are consistent with the literature. Most series of patients operated 173 

on for capitellum osteosynthesis had an extension deficit ranging from 5° [4, 8] to 15° [3, 16] to 20° 174 

[17] and a flexion ranging from 128° [16, 17] to 141° [3]. Regarding the functional scores found in 175 

the literature, the MEPS averaged 90 [4, 25] and the Quick-Dash ranged from 8 to 15 [4, 17]. 176 

Concerning the radiological results at last follow-up, we found one case of osteonecrosis. This 14-177 

year-old patient had very limited osteonecrosis with no impact on joint mobility or stability. 178 

Osteonecrosis is the most feared complication. For some authors, osteonecrosis was frequent around 179 

10% for Lansiger and Mare in 1981, 20% for Jupiter et al. in 1988, up to 30% for Scapinelli in 180 

1990. For other authors, it did not occur [3, 4, 16, 17]. Concerning post-traumatic osteoarthritis, we 181 
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did not observe any, unlike some authors [16, 17, 25] who observed in the majority of cases grade 1 182 

and 2 arthrosis according to Broberg and Morrey [15]. 183 

There are limitations to our study. Our anatomical study would require a larger number of 184 

specimens to be performed. In order to increase the relevance of the results, we plan to carry out a 185 

new series of interventions, with five pieces per fracture type. The small number of subjects 186 

reported in this study is related to the difficulty of obtaining specimens. A preliminary statistical 187 

study had shown that a minimum of 20 cases per fracture type was required to answer all the 188 

questions we were asking ourselves before finalizing the study protocol. It is obvious that such a 189 

number of subjects are not available. As this is a preliminary feasibility study of an operating 190 

technique, we have deliberately chosen to carry out only 6 tests. 191 

Our clinical study is a retrospective study reporting the results of two patients. The long-term 192 

evaluation focuses on elbow radiographs but for a better assessment of degenerative joint disease 193 

and the development of osteonecrosis, a CT arthrography or an MRI of the elbow would be 194 

recommended. 195 

 196 

Conclusions  197 

Through this study on cadaveric specimens, we have shown the feasibility and reproducibility of 198 

arthroscopic osteosynthesis of capittelum fractures. We recommend cannulated screw 199 

osteosynthesis for type I and IV fractures, what seems not possible for type II fractures, because of 200 

the thickness of the fragment ; an osteosynthesis with wires might be an alternative to a simple 201 

excision of the displaced fragment. We have shown that this technique gives good long-term results 202 

on two patients with a 7.5-year follow-up  203 

 204 

205 
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Figures Legends 269 

 270 

Figure 1: Artroscopic views of the procedure 271 

A - McKee modified Bryan and Morrey type I capitellum fracture / B - Reduction of the fragment 272 

using a probe hook / C - Arthroscopic reduction and its preservation using an aiming femoral 273 

instrument set / D - Reduction and fixation quality assessment after screw fixation of a type I 274 

fracture 275 

 276 

Figures 2: Bryan and Morrey type II capitellum fracture in a 14 years-old female: preoperative 277 

standard x-rays (2-A and 2-B) and CT-scan (2-C). Capitellum arthroscopic osteosynthesis using 278 

adjustable lock pins, 6 months follow-up x-rays (2-D and 2-E). 93 months follow-up radiographic 279 

results (2-F and 2-G). 280 

 281 

Figures 3: Type I Bryan and Morrey capitellum fracture in a 70 years-old female: preoperative 282 

standard x-rays (3-A and 3-B). Arthroscopic capitellum screwing: 88 months follow-up 283 

radiographic results (3-F and 3-G) 284 

 285 

 286 

 287 

 288 

 289 









 

Anatomical 

specimen N° 

Fracture 

type 

Procedure time 

(min) Reduction quality  

Articular 

effraction 

1  II 37 GOOD NO 

2  I 32 GOOD NO 

3 IV 30 GOOD NO 

4  II 22 POOR YES 

5  II 26 POOR YES 

6  I 28 GOOD NO 

Average:  29.16   

Table 1: capitellum arthroscopic osteosynthesis results on 6 cadaveric specimens. 

 



Patient 

(n°) 

Sex Age Fracture 

type 

Treatment Follow-

up 

 (months) 

Mobility 

E/F 

Mobility 

P/S 

VAS Quick-

DASH 

MEPS 

1 F 14 II Arthroscopic 

pinning 

93 0/5/150 90/0/90 2 6.82 85 

2 F 70 I Arthroscopic 

screwing 

88 0/5/145 90/0/90 0 6.82 100 

Table 2: Clinical results of capitellum arthroscopic osteosynthesis 

 




