
Introduction
The humerus, the longest bone in the upper limb, extends from 
the shoulder to the elbow joint, supporting shoulder function 
and arm movement. Proximal humerus fractures account for 
4–5% of all fractures, ranking third after hip and distal radius 
fractures [1]. These injuries predominantly affect the elderly 
due to osteoporosis, typically resulting from low-energy falls on 

an outstretched arm [2].
The Neer classi f ication system, based on fragment 
displacement (>10 mm) and angulation (>45°), guides 
treatment decisions and outcome predictions [3]. More 
complex fracture patterns generally carry poorer prognoses and 
may require advanced imaging like computed tomography 
(CT) scans for accurate assessment [4].
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Introduction: Proximal humerus fractures are common in the elderly population and present significant management challenges. This study 
evaluates the efficacy of minimally invasive J-nail fixation for Neer type 2, 3, and 4 proximal humerus fractures in elderly patients.
Material and Methods: Thirty patients aged over 60 years with proximal humerus fractures were treated with J-nail fixation at our institution 
between May 2023 and October 2024. Functional outcomes were assessed using Disabilities of the Arm, Shoulder, and Hand (DASH) and 
Constant–Murley scores at regular intervals up to 6 months post-operatively. Radiological union and complications, including shoulder 
stiffness, were documented.
Results: The mean age was 67.3 ± 6.71 years with 56.7% males. Fall was the predominant injury mechanism (46.7%). Neer type 2 fractures were 
most common (63.3%). The mean DASH score improved from 85.19 at 2 weeks to 19.4 at 6 months post-operatively (P < 0.001). The mean 
Constant–Murley score improved from 12.60 pre-operatively to 82.96 at 6 months (P < 0.001). Radiological union was achieved in all cases with 
a mean time of 12.8 ± 1.83 weeks. The complication rate was 30%, with stiffness (13.3%) being the most common.
Conclusion: J-nail fixation is a viable minimally invasive technique for proximal humerus fractures in elderly patients, providing good 
functional outcomes with an acceptable complication profile. It offers advantages of minimal soft tissue disruption, preservation of vascularity, 
and early mobilization potential.
Keywords: Proximal humerus fracture, J-nail, elderly, minimally invasive, functional outcome.

Abstract

Learning Point of the Article:
Minimally invasive J-nail fixation provides effective fracture stability with preservation of soft tissue and vascularity, leading to good 

functional outcomes and reliable union in elderly patients with Neer type 2–4 proximal humerus fractures.

Minimally Invasive J-Nail Fixation for Neer Type 2, 3, and 4 Proximal 
Humerus Fractures in Elderly Patients: A Prospective Clinical and 

Radiological Outcome Study
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Management options for displaced proximal humerus fractures 
include various fixation techniques. Open reduction and 
internal fixation with locking plates offers anatomical 
restoration but risks complications in osteoporotic bone, 
including screw cut-out, avascular necrosis, and impingement 
[5,6]. Intramedullary nailing often compromises rotator cuff 
integrity [7], while transcutaneous K-wire fixation is associated 
with pin migration, infection, and restricted shoulder motion 
[8].(Fig.1).
To minimize these complications, Takeuchi et al. developed a 
minimally invasive technique using three intramedullary J-nails 
[9]. This approach aims to achieve relative stability while 
preserving vascularity and soft tissue 
integrity. The J-nail technique offers 
potential advantages: Minimal soft tissue 
disruption, insertion below the deltoid 
attachment (avoiding shoulder and elbow 
joint impairment), and immediate post-
operative pain relief with relatively stable 
fixation [9].
Despite these theoretical benefits, evidence 
regarding J-nail effectiveness for proximal 
humerus fractures in elderly patients 
remains limited. This study aims to evaluate 
functional outcomes following J-nail 
fixation in elderly patients with Neer 2-, 3-, 
and 4-part proximal humerus fractures. In 
addition, we will identify and characterize 
associated complications. By systematically 
assessing both benefits and limitations, this 
study seeks to determine whether J-nail 
fixation represents a viable alternative to 

conventional surgical approaches for this 
challenging fracture pattern in a vulnerable 
population.

Materials and Methods

Study design and setting
T h i s  i s  a  s i n g l e - c e n t e r  p r o s p e c t i v e , 
obser vational  study conducted at  the 
Department of Orthopaedics, Hamidia 
Hospital, Gandhi Medical College, Bhopal, 
from May 2023 to October 2024. The study 
protocol was approved by the Institutional 
Ethics Committee. A sample size of 30 patients 
was determined based on previous similar 
studies with a confidence interval of 95% and 
power of 80%.

Ethics approval
This study was approved by the Institutional Ethics Committee 
of Gandhi Medical College, Bhopal (Ethics Code: IEC Protocol 
No. 94/IEC/2023) on April 25, 2023. All participants provided 
written informed consent before enrollment in the study. The 
study was conducted in accordance with the ethical principles 
of the World Medical Association Declaration of Helsinki.

Study population
We enrolled 30 elderly patients (>60 years) with Neer type 2, 3, 
and 4 proximal humerus fractures who provided written 
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Figure 1: Intraoperative fluoroscopic images (C-arm) demonstrating intramedullary nail fixation of 
a proximal humerus fracture. Intraoperative fluoroscopic images (C-arm X-rays) of the right shoulder 
and proximal humerus obtained during surgical fixation. The images show insertion and positioning 
of multiple flexible intramedullary nails across the fracture site for stabilization of a displaced 
proximal humerus fracture, with restoration of alignment of the humeral head relative to the shaft.

Figure 2: Pre-operative anteroposterior (left) and lateral (right) radiographs of the right shoulder 
showing a displaced proximal humerus fracture (arrow). Pre-operative plain radiographs (X-ray) of the 
right shoulder region, including the proximal humerus, obtained in anteroposterior (left) and lateral 
(right) views at initial presentation before surgical intervention. The images demonstrate a displaced 
fracture of the proximal humerus, with arrows indicating the fracture site and displacement of the 
humeral head fragment relative to the humeral shaft.
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informed consent. Patients unfit for anesthesia due to 
comorbidities or unwilling to participate were excluded.

Data collection
Detailed demographic data (age, sex, occupation), mechanism 
of injury, fracture characteristics, and medical history were 
recorded using a standardized case record form. Standard 
radiographs (anteroposterior and lateral views) and CT scans of 
the shoulder joint were performed for fracture classification 
according to Neer ’s system [3]. Routine laborator y 
investigations, chest X-ray, electrocardiogram, and pre-
anesthetic evaluation were completed. Baseline functional 
status was documented using the validated Constant and 
Murley [10] and Disabilities of the Arm, Shoulder, and Hand 
(DASH) [11] scores.

Surgical procedure
All procedures were performed by a single orthopedic surgeon 
under brachial block and general anesthesia. Patients were 
positioned supine with slight elevation of the injured shoulder. 
After standard surgical preparation and prophylactic antibiotics 
(ceftriaxone 1g IV), a minimally invasive approach was used.
A one-inch longitudinal incision was made on the lateral aspect 
of the upper arm just below the deltoid insertion. Following 
muscle splitting, entry holes were created at a 60° angle upward. 
The J-nail length was determined using K-wire measurements. 
TENS nails (2.4 mm) were customized intraoperatively with 
the proximal part bent at 30°. Two to three J-nails were inserted 
through separate entry points with dispersed nail heads to 

provide rotational stability as described by Takeuchi et al. [9].

Post-operative management
A standardized rehabilitation protocol was followed. The arm 
was supported with a sling for 1 week. Passive range of motion 
exercises began as tolerated, with active motion encouraged 
after 2–3 weeks based on pain and radiographic evidence of 
healing. External rotational movements were avoided until 
radiographic evidence of fracture callus formation.

Outcome assessment
Primary outcome measures included functional assessment 
using Constant and Murley [10] and DASH [11] scores. 
Secondary outcomes included radiographic evidence of 
fracture union, complications, and range of motion. These were 
evaluated at 2 weeks and at 3 and 6 months. Pre- and post-
operative (6-month) outcomes were compared using paired t-
tests with P < 0.05 considered statistically significant. Data were 
analyzed using EPI Info 7.0.

Results

Demographic and clinical characteristics
The study included 30 patients with a mean age of 67.3 ± 6.71 
years. The majority (76.7%) were between 60 and 70 years. 
There was a slight male predominance (56.7% vs. 43.3%). The 
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Figure 3: Anteroposterior radiograph of the right shoulder at 3 months 
postoperatively showing fixation with K-wires and maintained alignment of 
the proximal humerus fracture (arrow). Post-operative plain radiograph (X-
ray) of the right shoulder and proximal humerus in anteroposterior view, 
obtained after surgical fixation. The image demonstrates multiple flexible 
intramedullary nails in situ stabilizing the proximal humerus fracture, with 
maintained alignment of the humeral head and shaft.

Figure 4: Anteroposterior radiograph of the right shoulder at 6 months 
follow-up demonstrating fracture union with satisfactory alignment (arrow). 
Plain radiograph (X-ray) of the right shoulder region, including the proximal 
humerus, obtained in anteroposterior view at 6 months following surgical 
fixation with flexible intramedullary nails. The image shows the nails in situ 
within the medullary canal, maintaining anatomical alignment of the humeral 
head relative to the shaft. There is clear evidence of fracture union with well-
formed bridging callus and restoration of cortical continuity at the fracture 
site, as indicated by the arrow. No signs of implant migration, loosening, varus 
collapse, or secondary displacement are observed.
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right side was affected in 56.7% of cases.
The most common mechanism of injury was fall (46.7%), 
followed by road traffic accidents (30.0%) and assaults 
(23.3%). According to the Neer classification, Type II fractures 
were most prevalent (63.3%), followed by Type III (26.7%) and 
Type IV (10.0%).
The mean duration between injury and surgery was 7.93 ± 1.8 
days (range: 1–20 days). Nearly half of the patients (46.7%) had 
at least one comorbidity, including diabetes mellitus (16.7%), 
hypertension (16.7%), both conditions (6.7%), and 
tuberculosis (6.7%).

Functional outcomes
The Constant–Murley score showed significant improvement 
from a pre-operative mean of 12.60 ± 2.86 to 23.66 ± 4.55 at 2 

weeks, 64.50 ± 20.82 at 3 months, and 82.96 ± 12.22 at 6 months 
post-operatively (P < 0.001). Similarly, the DASH score 
improved from 85.19 ± 4.92 at 2 weeks to 66.33 ± 8.41 at 3 
months and 19.40 ± 10.20 at 6 months post-operatively (P < 
0.001) (Table 1).
At the final follow-up, the mean range of motion was 127.33 ± 
23.81° for abduction, 136.00 ± 22.07° for flexion, 36.00 ± 8.03° 
for extension, and 42.83 ± 11.79° for external rotation.
Based on the final DASH scores, 40.0% of patients achieved 
excellent results, 26.7% good, 16.7% fair, and 16.7% poor. 
Overall, 66.7% of patients had excellent or good outcomes 
(Table 1). (Fig. 2,3).

Radiological union and complications
Radiological union was achieved in all cases with a mean time of 
12.8 ± 1.83 weeks. About 43.3% of fractures united within 
10–12 weeks, while 56.7% united between 12 and 16 weeks.
The overall complication rate was 30%. The most common 
complications were stiffness (13.3%), followed by malunion 
(10.0%), hardware migration (3.3%), and radial nerve injury 
(3.3%). Subgroup analysis revealed that complications were 
more frequent in Neer type 4 fractures (66.6%) compared to 
type 3 (37.5%) and type 2 (21.1%).(Fig.4).

Discussion
In this prospective study, the overall complication rate was 30%. 
The most common complication encountered was post-
operative stiffness, reported in 4 patients (13.3%). This is 
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Figure 5: Range of motion after 6-month follow-up images. Clinical 
photographs of the patient obtained at 6 months following surgical fixation of a 
right proximal humerus fracture. The images demonstrate functional 
assessment of the right shoulder, including forward flexion (top), external 
rotation with arms at the side (middle), and shoulder abduction (bottom). 
The patient shows satisfactory range of motion with good restoration of 
shoulder function and symmetry compared to the contralateral side, 
indicating successful clinical recovery.
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consistent with stiffness being one of the leading problems after 
surgical management of proximal humerus fractures due to 
periarticular adhesions and delayed mobilization. Malunion 
was the second most frequent complication, observed in 3 
patients (10.0%). Hardware migration and radial nerve palsy 
were less common, occurring in 1 patient each (3.3%).
Among the 19 patients with type II fractures, complications 
included 2 cases of stiffness, 1 case of radial nerve palsy, and 1 
case of hardware migration, with no malunions reported. In 
contrast, type III fractures (n = 8) were associated with 2 cases 
of stiffness and 1 malunion, but no neurovascular injury or 
hardware-related problems. The most severe complication 
profile was observed in type IV fractures (n = 3), where 2 cases 
of malunion occurred, but no stiffness, nerve injury, or 
hardware migration was noted.
This distribution demonstrates that the nature and frequency of 
complications varied with fracture complexity. While type II 
fractures, which are relatively simpler, tended to develop 
stiffness and occasional hardware-related issues, the more 
complex type IV fractures were prone to malunion, likely 
reflecting greater initial displacement and technical difficulty in 
achieving and maintaining anatomical reduction. Type III 
fractures showed an intermediate pattern, combining stiffness 
with occasional malunion.
Clinically, this trend reinforces that fracture pattern strongly 
influences the post-operative complication profile. Simpler 
fractures (type II) may recover better functionally but still may 
have stiffness if early mobilization is delayed. In contrast, 
complex fractures (type IV) are more likely to heal with residual 
deformity, even with stable fixation, due to comminution and 
compromised bone stock. Recognition of these patterns can 
help in tailoring post-operative rehabilitation strategies and 
counseling patients regarding prognosis.
Contrary to established literature that typically reports female 
predominance in proximal humerus fractures, our series 
demonstrated a slight male preponderance (56.7%). Kannus et 
al. [12] attribute the usual female predominance to 
osteoporosis-related fragility fractures, whereas in our 
population, higher male exposure to road traffic accidents 
(30.0%) and assaults (23.3%) likely accounts for this variation. 
The mechanism of injury was predominantly low-energy falls 
(46.7%), consistent with Handoll et al.’s [13] meta-analysis 
identifying falls as the most common cause in the elderly. The 
right side was more frequently involved (56.7%), aligning with 
Court-Brown et al. [14] who noted increased vulnerability of 
the dominant upper limb.
In terms of fracture distribution, Neer type II fractures 
predominated (63.3%), differing from Chandak et al. [15] who 
primarily studied type III and IV fractures. Such variation in 

selection criteria must be considered when comparing results. 
Functional recovery in our study was encouraging, with DASH 
scores improving from 85.19 at 2 weeks postoperatively to 19.4 
at 6 months (P < 0.001). Similarly, Constant–Murley scores 
improved from 12.60 preoperatively to 82.96 at 6 months, 
comparable to the mean score of 84.5 ± 5.99 reported by 
Chandak et al. [15] Range of motion recovery was also 
satisfactory, with mean abduction of 127.33°, flexion of 136.0°, 
extension of 36.0°, and external rotation of 42.83° at final follow-
up. While these values are broadly comparable to Takeuchi et 
al., [9] external rotation was slightly restricted, possibly due to 
differences in rehabilitation adherence or fracture complexity. 
(Fig.5).
Radiological union was achieved in all patients with a mean 
time of 12.8 ± 1.83 weeks, consistent with Chandak et al. [15] 
who reported union within 12–14 weeks. This healing timeline 
reinforces the biological soundness of the J-nail construct. 
Functional outcomes were stratified by fracture type, showing 
excellent-to-good results in 66.7% overall, with better results in 
type II (68.4%) than type III (62.5%) and type IV (33.3%). 
This finding is in agreement with Neer’s original observation³ 
that more complex patterns carry a poorer prognosis.
The technical advantages of the J-nail, as highlighted by 
Takeuchi et al., [9] were also evident in our study: Minimal soft 
tissue dissection, preservation of humeral head vascularity, 
avo i dan ce  o f  ro tato r  c u f f  v i o lat i o n  co m m o n  w i t h 
intramedullar y nai ling [7], and faci litation of early 
mobilization. Compared to Proximal Humeral Internal Locking 
System plating, which risks screw cutout and soft tissue 
stripping [5,6], antegrade nailing that compromises the rotator 
cuff [7], and K-wire fixation associated with pin tract infections 
and muscle transfixation [16], the J-nail offers a balanced 
alternative with reduced morbidity. These advantages, along 
with the favorable complication profile, make it a promising 
minimally invasive fixation method for elderly patients with 
proximal humeral fractures.

Strengths and limitations
This study’s primary strength is its prospective evaluation of the 
J-nail technique as a “biological fixation” strategy, prioritizing 
soft-tissue and vascular preservation in a vulnerable elderly 
population. The use of standardized functional scores provides 
a robust assessment of recovery. However, limitations include a 
modest sample size (n = 30) and the absence of a control group, 
which limit comparative power. The 6-month follow-up, while 
sufficient for union, does not allow for assessment of long-term 
complications like avascular necrosis. Finally, the inclusion of 
heterogeneous Neer fracture types means results should be 
interpreted with attention to fracture complexity. Regarding the 
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30% complication rate, it is important to note that the majority 
of these events were minor and managed conservatively, 
representing a favorable safety profile compared to the severe 
hardware-related failures often associated with more invasive 
open reduction techniques.

Limitations
This study has several limitations that should be acknowledged. 
The 6-month follow-up period may be insufficient to detect 
long-term complications such as avascular necrosis [6] or post-
traumatic osteoarthritis. The absence of a direct comparison 
group treated with alternative fixation methods (locking plates 
[5,6] or conservative management [17]) prevents definitive 
conclusions about the relative efficacy of the J-nail technique. 
Future research should address these limitations through larger 
multicenter randomized controlled trials with longer follow-up 
periods, comparison groups, comprehensive outcome 
measures including patient satisfaction and cost-effectiveness 
analyses, and systematic CT evaluation [4] for better 
assessment of complex fracture patterns and their correlation 
with outcomes.

Conclusion
The J-nail technique represents a viable, minimally invasive 
alternative for the management of proximal humerus fractures 
in elderly patients. Our study demonstrates that this approach 
achieves satisfactory functional outcomes with two-thirds of 
patients attaining excellent to good results at 6 months post-
operatively. The technique provides adequate stability for 

fracture healing while minimizing surgical trauma and 
associated complications.
The procedure’s simplicity, shorter operative time, limited soft 
tissue disruption, and early mobilization potential make it 
particularly suitable for elderly patients with osteoporosis and 
medical comorbidities. As noted by Takeuchi et al., the J-nail 
technique achieves relative stability while maintaining 
vascularity and soft tissue integrity, which is crucial for healing 
in this vulnerable population.
The complication profile compares favorably with more 
invasive fixation methods described by Agudelo et al., though 
the effectiveness diminishes with increasing fracture 
complexity. Consistent with Neer’s classification implications, 
we found that 4-part fractures had poorer outcomes than 2- or 3-
part fractures.
Based on our findings, we conclude that the J-nail technique 
offers a balanced approach between surgical intervention and 
biological respect, providing sufficient stability while 
maintaining the fracture hematoma and periosteal blood supply 
essential for healing in elderly patients.

Clinical Message

Minimally invasive J-nail fixation is an effective and biologically 
favorable treatment option for Neer type 2–4 proximal humerus 
fractures in elderly patients, providing reliable fracture union, good 
functional recovery, and early mobilization with minimal soft tissue 
disruption; however, careful case selection is essential as outcomes 
may be less optimal in more complex fracture patterns.
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