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Humeral shaft fractures represent approxi-

mately 1–3%  of  all  fractures(1). Conservative treat- 
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ment remains the mainstay for isolated humeral 

shaft fractures, yielding generally favorable out-

comes(2). Nevertheless, non-surgical approaches are 

linked to certain morbidities and complications, 

including nonunion, which has been reported to be 

as high as 25% in some studies, malunion, and 

persistent radial nerve deficits(3). Surgical treatment 

becomes necessary in specific circumstances, 

including open fractures, associated neurovascular 

injuries, floating elbow, pathologic fractures, and 

Purpose: Plate osteosynthesis is considered the gold standard for treating humeral shaft fractures, and 

orthopedic surgeons widely use the anterolateral approach with anterolateral surface placement. 

However, surgeons may have difficulties with the non-smooth surface and proximity to the radial nerve 

during their use. To address this challenge, we propose introducing the anterolateral approach with 

anteromedial surface placement. This study aimed to compare the outcomes between anteromedial and 

anterolateral surface plating using the anterolateral approach. 

Methods: This study included 74 patients who sustained a mid-shaft humerus fracture (AO 12) and 

underwent open reduction internal fixation between December 2020 and December 2022. Twelve 

patients were excluded based on the exclusion criteria. Among the remaining patients, 30 were 

randomized and allocated to surgery with anteromedial surface plating, while 32 patients were treated 

with anterolateral surface plating through an anterolateral approach. Postoperative clinical and 

radiographic results were recorded and analyzed. 
Results: The union rate, blood loss, operative time, and complications were not significantly different 

between the two groups. All the patients healed radiographically except for two in the anterolateral 

surface plating group, who required reoperation. Although anteroposterior alignment was significantly 

better in the anteromedial surface plating group, it was not clinically significant. 

Conclusions: Anteromedial plating demonstrated a commendable union rate, offered assured 

alignment, and presented itself as a secure option for addressing fractures of the humerus shaft. 
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instances where non-operative management has 

proven ineffective. Surgical options encompass 

plate osteosynthesis, intramedullary nailing, or 

external fixation. Plate fixation remains the 

preferred method for surgically managing humeral 

shaft fractures due to its superior biomechanical 

properties in resisting anti-torsional forces(4). The 

anterolateral surface plating, employed through an 

anterolateral approach, is widely utilized. How-

ever, the consideration of anteromedial surface 

plating, a less commonly discussed alternative, for 

humeral shaft fracture management is relatively 

rare(5-8). 

  The anteromedial surface plating method 

has demonstrated numerous advantages for mana-

ging humeral mid-shaft fractures. One notable 

benefit is the plate's noninterference with the radial 

nerve, with no requirement to anatomically pre-

bend the plate due to the smooth, bony surface(9). 

 This study primarily aimed to investigate 

the outcomes related to the union rate. The second-

dary objective was to assess operative time, blood 

loss, alignment, and complications associated with 

the fixation of humeral mid-shaft fractures. We 

compared the anteromedial and anterolateral 

surface plating methods using an anterolateral 

approach. 

MATERIALS AND METHODS 

Selection of Patients 

  This randomized controlled study include-

ed 74 patients who sustained a humerus shaft frac-

ture and underwent open reduction and internal 

fixation in our institute between December 2020 

and December 2022, following approval by our 

local ethics committee. The inclusion criteria were a 

closed mid-humeral shaft fracture (AO 12), patients 

aged 20–60 years, and those who underwent 

surgery within 2 weeks after the initial injury. The 

exclusion criteria were an open fracture, vascular 

injury, radial nerve injury, pathological fracture, 

and ipsilateral upper limb injury (Fig. 1). 

Informed consent was obtained from all the 

patients before inclusion in the study. The proce-

dure was randomized using sealed envelopes in 

blocks of four to select the techniques of fixation. 

The envelopes were opened before making any skin 

incisions. The anterolateral approach was employ-

ed for all patients, with anteromedial and anterola-

teral surface plating for 30 and 32 patients, respect-

tively. A senior trauma surgical team conducted all 

procedures. Table 1 presents the demographic data 

of the patients. 
 

 
 

Fig. 1 CONSORT flow diagram. 

Double fixation for complex distal femoral fractures  
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●   Radial nerve injury (n=7) 
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Table 1 Baseline characteristics of the patients. 

 Anteromedial 

plating group 

Anterolateral 

plating group 

p-value 

Patient, n 30 32  

Gender, n (%) 

     Male 

     Female 

 

19 (63.33) 

11 (36.67) 

 

24 (75.00) 

8 (25.00) 

0.319 

Age, mean (SD) 38.93 (12.83) 35 (10.93) 0.198 

Smoking status, n (%) 13 (43.33) 16 (50.00) 0.599 

Mechanism of injury, n (%) 

     Traffic accident 

     Fall from height 

 

21 (70.00) 

9 (30.00) 

 

24 (75.00) 

8 (25.00) 

0.659 

Fracture type (AO/OTA Classification), n (%) 

     Type A  

     Type B 

     Type C 

 

10 (33.33) 

19 (63.33) 

1 (3.33) 

 

15 (46.88) 

15 (46.88) 

2 (6.25) 

 

0.419 

Surgical Techniques 

Anteromedial Surface Plating  

  Patients were placed in the supine position 

on a radiolucent table with the arm in abduction on 

an arm board after the induction of general anes-

thesia, and the entire limb was prepared, exposing 

the shoulder and elbow. The instruments used for 

all procedures consisted of a 4.5-mm narrow 

dynamic compression plate and a 4.5-mm cortical 

screw. The humerus was approached using the 

standard anterolateral technique (Fig. 2A)(10). The 

incision was made along the lateral border of the 

biceps with sufficient length to allow insertion of 

the plate. The space between the biceps and 

brachialis was identified, and the musculocuta-

neous nerve was visualized and protected. The 

biceps muscle was retracted medially, and the 

brachialis muscle was split longitudinally to expose 

the humerus. Half of the brachialis was used as a 

cushion to protect the radial nerve on the lateral 

side, and we avoided placing the Hohmann retrac-

tor on the lateral side to reduce the risk of radial 

nerve injury. The fracture was then reduced, and 

the plate was applied to the anteromedial surface of 

the humerus, achieving temporary fixation with a 

bone reduction clamp (Fig. 2B). The arm was 

externally rotated to facilitate the visualization of 

the anteromedial surface of the humerus and to 

insert cortical screws for fixation (Fig. 2C). The 

fractures were fixed using a compression plate in 

type A fractures. In contrast, the fractures were 

fixed with a bridging plate technique in type B and 

C fractures. Intraoperative fluoroscopy was used in 

cases of comminution where alignment and rota-

tion were difficult to assess intraoperatively. The 

final steps included wound hemostasis, wound 

closure, and suction drain insertion. The surgery 

time, blood loss, and intraoperative complications 

were recorded. Plain anteroposterior (AP) and 

lateral humerus radiographs were obtained on the 

first postoperative day to analyze the quality of 

reduction (Fig. 2D). 
 

Anterolateral Plating 

  We performed plate fixation through the 

anterolateral incision using the technique mention-

ed above; however, the plate fixation was applied 

to the anterolateral surface. 

 

Postoperative Care and Follow-Up 

 A pouch arm sling was used, and the 

suction drain was removed 2 days postoperatively. 

The wound was inspected, and a sterile dressing 

was applied. A passive, assistive range of motion 

was encouraged from postoperative day 3 to avoid 

elbow and shoulder stiffness. Stitches were remov-

ed 2 weeks postoperatively.
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Fig. 2 A: Skin incision. B: Exposure of the anteromedial surface of the humerus and application of the plate 

to the bone. C: External rotation of the arm and cortical screw fixation performance. D: Postoperative 

radiograph. 

 

 Patients were followed up at 2 weeks, 6 

weeks, 3 months, and 6 months postoperatively 

and until radiographic union was achieved. 

Follow-up included plain radiographs and clinical 

assessments, such as pain at rest and the ability to 

perform activities of daily living. The following 

methods were used to assess plain radiographic 

parameters. 

  The patient was positioned for the X-ray by 

well-trained orthopedic residents. The plain radio-

graphs included the shoulder and elbow. A high-

quality AP view was indicated by the visibility of 

the medial and lateral epicondyles in the distal 

humerus and the greater tuberosity on the lateral 

aspect of the proximal humerus. For the lateral 

view, the medial and lateral epicondyles were 

superimposed, and the scapula was in a lateral (Y-

shaped) position. The assessment was performed 

by one well-trained orthopedic resident and one 

trauma orthopedic surgeon without blinding, as the 

assessors could see the plate position on the plain 

radiographs. The radiographic parameters were 

recorded at the last follow-up or at the radiographic 

union, and the radiographic parameters are 

discussed below. 

  Union was characterized by the presence 

of bone bridging the fracture site across both 

cortices on radiographs taken in two planes, using 

established techniques for assessing tibial union, 

along with the clinical absence of pain and mobility 

at the fracture site(11). Achievement of the union was 

acknowledged when the specified criteria were met 

within the initial 26 weeks, while the delayed union 

was characterized by union occurring after the 26 

weeks(12).   

AP angulation was measured on the AP 

view. The angle was measured by drawing a line 

along the axis of the humerus proximal to the 

fracture site and another line along the axis of the 

humerus distal to the fracture site. The angle 

between these lines represents the AP angulation. 

  

A B 

C D 



 

 
 

T. Rattanakitkoson et al. / Journal of Southeast Asian Orthopaedics Vol 48 No 2 (2024) 16-23 

 

  20 

Lateral angulation was measured similarly 

but along the lateral view of the fracture. One line 

was drawn along the axis of the humerus proximal 

to the fracture site, and another was drawn along 

the axis of the humerus distal to the fracture site. 

The angle between these lines represents the lateral 

angulation(13). 

 

Sample Size and Statistical Analysis 

  The sample size, calculated using a test 

comparing two independent means in Stata version 

15.1 (StataCorp LP, College Station, Texas), was 

determined based on a similar study. The primary 

outcome, the union rate at 3 months, was 97% for 

the study group(14) and 60% for the control group(15). 

With a level of significance at 5% and power of 80%, 

the calculated sample size was 50. However, the 

total sample size became 60, allowing for a 20% loss 

to follow-up and dropout. Continuous variables, 

including age, time to union, operative times, blood 

loss, and alignment, were reported as mean and 

standard deviation or median and interquartile 

ranges. Categorical variables were presented as 

frequency and percentage. Differences in continu-

ous data were assessed using Student's two-sample 

t-tests or the Wilcoxon rank sum test. Differences in 

categorical variables were evaluated through the 

chi-square test or Fisher exact test. A p<0.05 was 

considered statistically significant. The reliability of 

measurements between two assessors was reported 

using a two-way mixed model intraclass correla-

tion coefficient (ICC). The reliability was good, with 

an ICC of 0.954 for AP angulation and 0.938 for 

lateral angulation. 

 

RESULTS 

  This study enrolled 62 participants. Table 1 

presents the demographic data for the two groups. 

Baseline characteristics, encompassing sex, age, 

smoking status, mechanism of injury, and fracture 

type, were comparable between both groups. The 

primary mechanism of injury in both groups was a 

traffic accident. The predominant fracture type was 

the AO Foundation/Orthopedic Trauma Associa-

tion (AO/OTA) type B in the anteromedial plating 

group, and a mix of AO/OTA types A and B in the 

anterolateral plating group. 

 Three patients each were lost to follow-up 

in both groups due to financial problems. Thus, the 

analysis included 27 and 29 patients in the antero-

medial and anterolateral plating groups, respect-

tively. The data on union rate at the 3-month 

follow-up, time to radiographic union, operative 

time, blood loss, alignment, and complications in 

both groups are presented in Table 2. The union 

rate at the 3-month follow-up was 88.89% in the 

anteromedial plating group and 86.21% in the 

anterolateral plating group, with no statistically 

significant difference (p=0.762). The mean time to 

union in the anteromedial plating group was 13.54 

weeks, whereas it was 12.75 weeks in the anterola-

teral plating group, with no statistically significant 

difference (p=0.649). Operative time was quite 

similar  in  both  groups;  however,  the  amount  of  

 

 

Table 2 Intraoperative and postoperative outcomes in both groups. 
 

 Anteromedial plating group 

(N=27) 

Anterolateral plating group 

(N=29) 

p-value 

Union at 3 months, n (%) 24 (88.89) 25 (86.21) 0.762 

Union time (week) 13.54 ± 4.52 12.75 ± 7.78 0.649 

Operative time (min) 79.19 ± 5.12 81.00 ± 6.16 0.822 

Blood loss (mL) 146.67 ± 21.03 193.6 ± 23.55 0.145 

Alignment (º) 

     AP angulation 

     Lateral angulation  

 

1.83 ± 0.53 

4.21 ± 0.84 

 

3.42 ± 0.53 

3.10 ± 0.49 

 

0.04 

0.252 

Complications 

     Nonunion, n (%) 

 

0 

 

2 (6.90) 

 

0.164 



 

 
 

T. Rattanakitkoson et al. / Journal of Southeast Asian Orthopaedics Vol 48 No 2 (2024) 16-23 

 

  21 

bleeding was slightly higher in the anterolateral 

plating group, although this difference was not 

statistically significant (p=0.145). AP angulation 

was significantly better in the anteromedial plating 

group, with a mean difference of 1.59º (p=0.04). 

However, this had little effect on the clinical and 

functional outcomes of the patients, and the 

alignment was acceptable in both groups. 

Both groups had no radial palsy. In the 

anterolateral plating group, two patients expe-

rienced nonunion and required reoperation (Fig. 3). 

They underwent re-fixation using anterolateral 

plating and received iliac bone graft insertion, 

resulting in an uneventful union of the fractures. 
 

 
          A                 B                     C                    D 
 

Fig. 3 A: Postoperative radiograph after fixation 

with anterolateral plating. B: Follow-up at 6 months 

showed nonunion of the fracture and loosening of 

screws. C: Revised fixation with longer anterola-

teral plating and an iliac bone graft. D: Follow-up at 

6 months showed union of the fracture. 

 

DISCUSSION 

 The gold standard technique for humeral 

shaft fracture treatment involves open reduction 

and fixation with a plate and screws, a well-

established procedure(4). Securing a strong fixation 

with the plate and screws is imperative for the early 

initiation of postoperative functional exercises and 

the restoration of limb function.  

The cross-sectional shape of the humerus 

from the shaft to the distal metaphysis is triangular. 

It has three aspects: the surface, anteromedial, 

anterolateral, and posterior, where we can apply 

plate fixation(16,17). Currently, anterolateral plating 

is the most widely used; however, it has some 

drawbacks. The lateral aspect of the humerus is 

rough, leading to medial gapping during fixation. 

The plate often needs to be pre-contoured before 

placement. In contrast, the anteromedial surface is 

smoother, allowing the plate to be placed without 

pre-contouring. 

  For effective biomechanical considerations, 

it is recommended to position the plate on the 

tension side of the injury, allowing placement on 

the anterolateral or posterior areas of the bone(18). In 

contrast to the femur or tibia, which primarily bear 

weight, the humerus experiences significant rota-

tional forces, enabling placement of the plate on the 

medial aspect(19). Some studies indicate that antero-

medial plates exhibit mechanical properties similar 

to those of anterolateral and posterior plates, which 

implies that the fixation strength of anteromedial 

plates meets the mechanical requirements for 

humeral shaft fracture surgery(20). 

 Sanjay et al. performed medial plating 

through an anterolateral approach to stabilize 

humeral shaft fractures and found that the average 

operative time was 45 min, shorter compared to our 

study's 79 min; however, they reported an average 

blood loss of 200 mL, significantly more than our 

study's 147 mL. Callus was observed from 8 to 10 

weeks. Within 3 months, patients had reintegrated 

their routine activities back into their lives(14). 

 Rai et al. conducted a prospective observa-

tional study to compare anteromedial and anterola-

teral surface plating through an anterolateral 

approach in mid-shaft humeral shaft fractures. 

They discovered that anteromedial surface plating 

decreased fracture exposure time (24 min vs. 47 

min, p=0.05) and blood loss in dissection (50 mL vs. 

110 mL, p=0.05) significantly. Almost all patients 

(98.6%) achieved union at 12 months(9). 

  The study by Kirin et al. demonstrated the 

advantages of anteromedial surface plating using 

an anterolateral approach over anterolateral sur-

face plating in terms of reducing the incidence of 

iatrogenic radial nerve palsy and operative time. 

They observed no cases of iatrogenic radial nerve 

palsy when using anteromedial plating, whereas 

anterolateral plating resulted in 11.46% incidence. 

The mean operative time for anteromedial plating 

was significantly shorter compared to anterolateral 

plating (55.45 min vs. 74.61 min)(21). 
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 Recently, two randomized controlled stu-

dies compared anteromedial and anterolateral sur-

face plating using the anterolateral approach. The 

first study, conducted by Gangwar et al., examined 

functional outcomes and union rates at 12 weeks. 

They found that functional outcomes, according to 

Rodriguez Merchan criteria, were good to excellent 

in 86.9% of the anteromedial surface plating group 

and 82.6% of the anterolateral surface plating 

group, with no statistically significant difference. 

The union rate at 12 weeks was 78.3%, with a mean 

union time of 11.7 ± 1.5 weeks for the anteromedial 

surface plating group, and 56.5% with a mean 

union time of 12.3 ± 1.8 weeks for the anterolateral 

surface plating group, with no statistically signify-

cant difference. The anterolateral approach used in 

this study differed between the two groups: in the 

anterolateral surface plating group, the brachialis 

muscle was split longitudinally to the bone, 

whereas in the anteromedial plating group, the 

biceps muscle was retracted medially, and the 

brachialis muscle was elevated from its medial 

margin, along with the musculocutaneous nerve(22). 

 The second study, conducted by Shodipo et 

al., examined iatrogenic radial nerve injury bet-

ween the two groups. They found that iatrogenic 

radial nerve injury occurred in 9.3% of the anterola-

teral surface plating group compared with 4.8% of 

the anteromedial surface plating group, with no 

statistically significant difference(23). 

  In our study, we demonstrated no signify-

cant inter-group differences in union rate at the 3-

month follow-up, time to union, operative time, 

blood loss, or complications. There was no radial 

nerve palsy in either group because our surgical 

technique uses the lateral half of the brachialis as a 

cushion to protect the radial nerve and avoids 

placing the Hohmann retractor on the lateral side. 

The advantage of anteromedial plating lies in its 

smooth surface, which slightly aids in improving 

AP alignment, as indicated in our study. However, 

the alignments after fixation in both groups are 

deemed acceptable.  

  Anteromedial plating offers benefits such 

as a simpler application of the plate on the smooth 

medial surface compared to the irregular anterola-

teral surface of the humerus, eliminates the need for 

plate contouring and leads to improved AP 

alignment as shown in our study, results in no 

iatrogenic radial nerve palsy, and comparable 

outcome with anterolateral plating. However, 

when using anteromedial plating in comminuted 

fractures, some concerns should be considered. 

Before screw fixation, the arm needs to be 

externally rotated, which can cause rotational 

malalignment. Therefore, our recommendation is 

always to check rotation using fluoroscopy and 

assess the shoulder's range of motion after plate 

fixation. 

The strength of our study is that it was a 

prospective randomized controlled trial comparing 

anteromedial and anterolateral surface plating 

regarding union rate, operative time, blood loss, 

alignment, and complications. Another strength is 

that the operations were performed by a single 

experienced trauma surgeon using the same 

approach and techniques. A limitation of our study 

is that we did not compare functional and clinical 

outcomes between the two groups. Further studies 

should include a larger population and compare 

functional and clinical outcomes between the 

groups. 

 

CONCLUSIONS 

This study offers valuable insights into the 

outcomes of anteromedial surface plating for 

humeral shaft fractures through an anterolateral 

approach, demonstrating acceptable union rates 

and overall satisfactory clinical results. This 

fixation technique can be employed safely and 

effectively for humeral shaft fractures. 
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