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Abstract: Background: Humeral shaft fractures account for about 3-5% of all fractures, with a 3.87% incidence in
Bangladesh. These fractures often respond well to non-operative treatments like casts and braces due to the humerus's
ability to tolerate malunion, leading to satisfactory outcomes. However, surgery is necessary for specific cases,
including open, segmental, or pathological fractures, and when conservative treatment fails. Surgical options, like
dynamic compression plates and interlocking nails, allow for quicker recovery but carry risks, including nerve damage
and mechanical failure. Interlocking nails offer a less invasive option with better biomechanics but may cause shoulder
complications. Aim of the study: This study aims to compare the functional and surgical outcomes of patients treated
with dynamic compression plating versus those treated with interlocking nailing, to determine the most effective
approach for managing humeral shaft fractures. Methods: This cross-sectional study in Department of Orthopaedic
Surgery, Bangabandhu Sheikh Mujib Medical University, Bangladesh, conducted from [11/12/2022] to [20/12/2023],
involved 60 patients with humerus diaphyseal fractures, divided into two groups: Group A (30 patients treated with
dynamic compression plating) and Group B (30 patients treated with interlock nailing). Participants were selected based
on strict inclusion/exclusion criteria, and informed consent was obtained. The study evaluated various clinical factors
using standard surgical techniques. Data analysis was performed using SPSS software, with significance determined at
p <0.05. Result: A prospective observational study at a tertiary care center involved 60 patients with humeral
diaphyseal fractures, divided into two groups: 30 treated with dynamic compression plating (Group A) and 30 with
interlocking nailing (Group B). Most participants were under 30, predominantly male, with no significant differences in
age or gender distribution. Group B showed better blood management, while Group A had superior shoulder function
but more shoulder stiffness. Both groups had similar operative times, elbow performance, and fracture union rates.
Neurovascular deficits were more common in Group A. The study highlights different outcomes between the two
treatment methods. Conclusion: This study evaluated clinical outcomes in patients, primarily under 30 years old, with a
higher incidence in males and right-sided fractures. Dynamic compression plating led to longer surgeries, more
significant blood loss, higher union rates, and more shoulder stiffness. Interlock nailing resulted in fewer neurovascular
deficits but reduced shoulder function postoperatively.
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INTRODUCTION

Fractures of the humeral shaft are relatively common,
accounting for approximately 3-5% of all fractures [1].
In Bangladesh, a retrospective analysis at Bangabandhu
Sheikh Mujib Medical College in Faridpur revealed that
diaphyseal fractures of the humerus accounted for
3.87% of all reported fracture cases [2]. These fractures
are particularly notable among long bone injuries due to
their exceptional outcomes when treated with non-
operative methods. These conservative treatments
include approaches such as hanging casts, functional
braces, Velpeau dressings, coaptation splints, and
abduction casts [3-5]. The success of these methods can
largely be attributed to the humerus's unique ability to
tolerate malunion, which often results in satisfactory
functional outcomes even when perfect anatomical
alignment is not achieved. However, not all humeral
shaft fractures are amenable to conservative
management. There are specific clinical situations
where surgical intervention becomes necessary. These
include cases of open fractures, segmental fractures,
pathological fractures, fractures associated with
vascular injuries, bilateral humerus fractures,
polytrauma, and radial nerve palsy that occurs after
fracture manipulation.  Additionally, neurological
deficits resulting from penetrating injuries, fractures
with unacceptable alignment, and the failure of
conservative treatment to achieve union are also
indications for operative management [6]. One of the
drawbacks of non-operative treatment is the
requirement for prolonged immobilization, which can
lead to significant shoulder joint stiffness and
discomfort for the patient [7,8]. Moreover, despite the
overall success of conservative methods, non-union
occurs in up to 10% of these fractures, and addressing
this complication can be particularly challenging [9-11].
This risk of non-union, combined with the
inconvenience and complications associated with long-
term immobilization, has led to a growing interest in
surgically managing even relatively simple humeral
shaft fractures. Surgical treatment allows for earlier
mobilization, reduces the risk of joint stiffness, and
facilitates a quicker return to daily activities and work
[12,13]. The primary surgical methods employed in
treating humeral shaft fractures involve using dynamic
compression plates (DCP) or interlocking nails (ILN).
Plate and screw fixation has traditionally been the
method of choice and continues to be regarded as the
gold standard for surgical management of these
fractures [14]. However, this method has its challenges.
The procedure requires extensive dissection, which can
endanger the radial nerve, and there is also a risk of
mechanical failure, particularly in patients with
osteopenic bone. Recent advancements in surgical
techniques and the success of intramedullary nailing in
treating other long bone fractures have sparked
increased interest in using humeral intramedullary nails
for these fractures. Interlocking nailing is a less
invasive procedure that offers improved biomechanics
and load-sharing characteristics. Additionally, fractures

managed with ILN are more likely to achieve union, as
the procedure does not involve periosteal stripping, and
the reaming process can act as an autograft. However,
this method has as it can lead to shoulder complications
[15]. Given these factors, this study aims to compare
the functional and surgical outcomes of patients treated
with dynamic compression plating versus those treated
with interlocking nailing to determine the most
effective approach for managing humeral shaft
fractures.

METHODOLOGY & MATERIALS

This  cross-sectional  study in  Department of
Orthopaedic Surgery, Bangabandhu Sheikh Muijib
Medical University, Bangladesh, conducted from
[11/12/2022] to [20/12/2023]. Sixty participants were
carefully selected using purposive sampling, ensuring
strict adherence to predefined inclusion and exclusion
criteria. Before participation, the study's objectives,
aims, and procedures were thoroughly explained to all
participants, and written informed consent was
obtained. Baseline demographic information was
recorded for each patient, with a strong emphasis on
maintaining data confidentiality. The study received
ethical approval from the institutional ethics committee.

Participants were divided into two distinct groups:

e Group A (N=30): Comprised of 30 patients
with humerus diaphyseal fractures treated with
dynamic compression plating.

e Group B (N=30): Included 30 patients with
humerus diaphyseal fractures treated with
interlock nailing.

Inclusion Criteria:
e Patients with humerus shaft fractures treated
with standard surgical techniques.
e Patients aged above 18 years.

Exclusion Criteria:

e Patients with additional fractures in the same
limb.

e Patients aged above 80 years.

e Patients with an open wound on the arm
associated with a humerus diaphyseal fracture
on the same arm.

e Patients with preoperative neurovascular
injury.

Management Protocol:

The study assessed various factors, including age,
gender, fracture side, blood loss, operation time,
Constant Murley score, Mayo Elbow Performance
Index, union, shoulder stiffness, and neurovascular
deficit. Patients were prepared on the morning of
surgery, receiving a single dose of preoperative
antibiotics following a test dose. Surgery was
conducted under strict aseptic conditions, and
preoperative consent was obtained.
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Dynamic Compression Plating Procedure:

Under appropriate anesthesia, the patient was
positioned either prone with the arm at a 90° angle, the
elbow bent, and the forearm hanging over the table
edge, or laterally with the affected side uppermost [16].
A longitudinal skin incision was made along the
midline of the posterior arm, extending from 9 cm
below the acromion to the olecranon fossa [17]. The
triceps fascia was incised, and the radial nerve was
carefully identified and mobilized proximally and
distally [18]. The triceps muscle was stripped off the
periosteum to expose the fracture site. The fracture ends
were freshened, reduced, and held with bone clamps or
a lag screw before applying the dynamic compression
plate [19].

Interlock Nailing Procedure

Under appropriate anesthesia, the patient is positioned
supine on a fracture table with a sandbag placed under
the ipsilateral shoulder. The upper limb is then prepared
and draped to allow free movement [20]. Utilizing a
lateral deltoid-splitting approach with image intensifier
assistance, an entry point is created just medial to the
greater tuberosity of the proximal humerus, at the
junction between the articular surface of the humeral
head and the greater tuberosity, using a K-wire, which
is then advanced into the medullary canal [21].
Following deltoid splitting, the rotator cuff is exposed,
and the supraspinatus tendon is divided [22]. An entry
point reamer is guided over the K-wire to enlarge the
entry site by 0.45 cm. A guide wire is introduced
through the entry point and passed into the distal
fragment from the proximal fragment after closed
fracture reduction, all under C-arm image intensifier
guidance. Progressive reaming is performed over the
guide wire up to 1 mm larger than the desired nail size
[23]. The appropriate nail, carefully selected to avoid
splintering the distal fragment, is mounted on the jig
and inserted along the guide wire while maintaining the
fracture reduction. The nail is advanced carefully to
ensure it does not protrude through the proximal
humerus [24]. Distal locking is performed in the
anteroposterior plane. A stab incision is made on the
anterior aspect of the arm under image guidance, and
the brachialis and biceps muscles are split to expose the
bone surface [25]. The appropriate drill bit is used
under image intensifier guidance, and the distal screws
are inserted. Proximal locking is completed using a
proximal jig mounted on the nail, with careful attention
to avoid injury to the axillary nerve. The proximal
locking is carried out in a lateral-to-medial direction
[24].

Statistical Analysis

All data were systematically organized into appropriate
tables or graphs based on relevance, accompanied by
clear descriptions to facilitate understanding. Statistical
analyses were conducted using the Statistical Package
for Social Science (SPSS, version 26) software on the
Windows platform. Continuous variables were

expressed as mean + standard deviation (SD), while
categorical variables were represented as frequencies
and percentages. Group comparisons for continuous
variables were carried out using the Student's t-test, and
the Chi-Square test was applied for categorical
variables. Statistical significance was determined at a
95% confidence interval, with a p-value of less than
0.05 considered indicative of significance.

RESULT

A prospective observational study conducted at a
tertiary care center involved 60 patients randomly
assigned to two groups using computer-generated coded
envelopes. Group A consisted of 30 patients with
humeral diaphyseal fractures treated using dynamic
compression plating, while Group B comprised 30
patients whose humeral diaphyseal fractures were
managed with interlocking nailing. Table 1 presents the
sociodemographic characteristics of study subjects in
Groups A and B, consisting of 30 individuals. The age
distribution shows that most participants in both groups
are 30 years or younger (46.67% in Group A and
53.33% in Group B). The mean ages are 34.47+8.41
years for Group A and 32.82+10.53 years for Group B,
with no statistically significant difference (p=0.314).
Gender distribution reveals a higher proportion of males
in both groups (63.33% in Group A and 73.33% in
Group B), though this difference is not statistically
significant (p=0.516). Figure 1 illustrates the percentage
distribution of fracture sides (left vs. right) between two
groups. In Group A, 43.33% of fractures occurred on
the left side, while 56.67% were on the right.
Conversely, Group B exhibited a lower incidence of
left-sided fractures at 36.67% but a higher incidence on
the right side at 63.33%. It shows that fractures in both
groups are more common on the right side, with Group
B showing a slightly higher predilection for right-sided
fractures than Group A. The data presented in Tables 2
to 5 comprehensively compare two study groups on key
postoperative outcomes. Table 2 highlights a marked
difference in blood loss between the groups. Group A
experienced  significantly ~ higher  blood loss
(249.61+31.72 ml) compared to Group B (88.38+18.94
ml), with a highly significant p-value of <0.001. This
indicates that Group B had a notably better blood
management outcome. Table 3 compares operative
times, revealing that Group B had a slightly shorter
mean operative time (138.55+13.72 minutes) compared
to Group A (143.35+15.45 minutes), though this
difference was not statistically significant (p = 0.561).
In terms of functional outcomes, Table 4 shows that
Group A had a superior Constant Murley score
(94.67+2.13) compared to Group B (88.17+4.73), with
a significant p-value of <0.001, indicating better
shoulder function in Group A. Table 5 presents the
Mayo elbow performance index, where no significant
difference was observed between the groups. Group A
had a mean score of 90.66+3.89, while Group B scored
91.48+3.26, with a p-value of 0.698, suggesting
comparable elbow performance across both groups.
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Figure 2 illustrates that union was achieved in 86.67%
of patients who underwent dynamic compression
plating, compared to 83.33% of those who received
interlock nailing. Shoulder stiffness was observed in
13.33% of patients treated with dynamic compression
plating, while 86.67% of these patients did not
experience shoulder stiffness. In contrast, 26.67% of
patients who underwent interlock nailing had shoulder

stiffness, with 73.33% not experiencing this
complication. A significant difference in shoulder
stiffness between the two treatment methods was noted,
with a p-value of 0.034 (Figure 3). Additionally, Figure
4 indicates that 10% of patients treated with dynamic
compression plating had a neurovascular deficit,
whereas only 3.33% of patients treated with interlock
nailing experienced this issue.

Table-1: Sociodemographic Status of the study subjects

. Group A (N=30) Group B (N=30) i
Variables N (% N (% p-value
Age range (in years)
<30 14 46.67 16 53.33
31-40 7 23.33 5 16.67
41-50 5 16.67 4 13.33
51-60 3 10.00 2 6.67 0.314
>60 1 3.33 3 10.00
Mean+SD 34.47+8.41 32.82+10.53
Gender
Male 19 63.33 22 73.33 0516
Female 11 36.67 8 26.67 '

Distribution of Fracture Side
70 63.33
60 56.67
_.50 43.33
S 40
o 20 @Group A
g @Group B
8 20
(5]
8 10
0
Left Right
Side
Figure-1: Distribution of study subjects according to the side.
Table-2: Distribution of blood loss between study groups
Group A (N=30) Group B (N=30) }
Blood loss (ml) N % N % p-value
<100 0 0.00 23 76.67
100-200 9 30.00 7 23.33
>200 21 70.00 0 0.00 <0.001
MeanzSD 249.61+31.72 88.38+18.94
Table-3: Comparison of operative time between study groups
N . Group A (N=30) Group B (N=30) i
Operative time (min) N % N % p-value
<120 3 10.00 4 13.33
120-150 17 56.67 20 66.67 0.561
>150 10 33.33 6 20.00 '
Mean+SD 143.35+15.45 138.55+13.72

Table-4: Constant Murley score between study groups

@—@% Copyright© 2024, Published by Greenfort International Journal of Applied Medical Science | This is an open-access article
distributed under the terms of the Creative Commons Attribution 4.0 International (CC BY-NC 4.0) License

100



Erfanul Hug Siddiqui et al; Grn Int J Apl Med Sci, May-Jun, 2024; 2(3):97-104

Constant ~ Murley | Group A (N=30) Group B (N=30) _value
score N % N % P

<80 0 0.00 7 23.33

81-90 7 23.33 17 56.67

>90 23 76.67 6 20.00 <0.001
Mean+SD 94.67+2.13 88.17+4.73

Table-5: Mayo elbow performance index between study groups

Group A (N=30)

Group B (N=30)

Performance index N % N % p-value
<90 16 53.33 18 60.00
91-95 11 36.67 8 26.67 0.698
96-100 3 10.00 4 13.33 '
Mean+SD 90.66+3.89 91.48+3.26
Union Comparison
100 86.67 8333

__ 80

<

% 60 @Group A

g 40 @mGroup B

& 5 1333 1667

0
Present Absent
Union
Figure-2: Comparison of union between study groups
Shoulder Stiffness Comparison
100.00 86.67

__ 80.00 73.33

S

@ 60.00

©

< Group A

S 40.00 R Group

S 26.67 @Group B

% 20.00 1333

0.00
Present Absent
Shoulder Stiffness

Figure-3: Comparison of shoulder stiffness between study groups
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Neuro-vascular Deficit Comparison
100.00 9000 20°
__80.00
S
o 60.00
g
g 40.00 @Group A
S @Group B
20.00 10.00
T 3.33
0.00
Present Absent
Neuro-vascular Deficit

Figure-4: Comparison neuro-vascular deficit between study groups

DISCUSSION

A cross-sectional analytical study compared the
functional and surgical outcomes of patients treated
with dynamic compression plating versus those treated
with interlocking nailing to determine the most
effective approach for managing humeral shaft fractures
in this study. In this study, the age distribution revealed
that most participants in both groups were 30 years or
younger, with 46.67% in the dynamic compression
plating group and 53.33% in the interlock nailing
group. The mean age was 34.47+8.41 years for the
dynamic compression plating group and 32.82+10.53
years for the interlock nailing group. Nehate et al.
(2021) found in their comparative study of dynamic
compression plating wversus interlock nailing for
humerus shaft fractures that 73% of patients were in
their 30s and 40s, while 27% were over 40 years old
[26]. Regarding gender distribution, a higher proportion
of males was observed in both groups, with 63.33% in
the dynamic compression plating group and 73.33% in
the interlock nailing group. Modi et al. (2015) reported
similar findings in their comparative study, noting that
77% of participants were male and 23% were female
[27]. Fracture location analysis showed that 43.33% of
fractures occurred on the left side in the dynamic
compression plating group, while 56.67% were on the
right. In contrast, the interlock nailing group had a
lower incidence of left-sided fractures (36.67%) and a
higher incidence on the right side (63.33%). This is
consistent with Singh et al. (2016), who found that
63.33% of fractures in their study were on the right side
[28]. In terms of blood loss, the dynamic compression
plating group experienced an average loss of
249.61+31.72 ml, compared to 88.38+18.94 ml in the
interlock nailing group. Specifically, 9 (30%) patients
in the dynamic compression plating group lost between
100-200 ml, while 21 (70%) lost more than 200 ml. In
the interlock nailing group, 23 (76.67%) lost less than
100 ml, and 7 (23.33%) lost between 100-200 ml. This
significant difference in blood loss between the two
methods was reflected in a p-value of <0.001. Kulkarni

et al. (2012) also reported a significant difference, with
mean blood losses of 20 ml for interlock nailing and
232 ml for dynamic compression plating [29]. The
mean operative time was 145.41+14.36 minutes for
dynamic compression plating and 140.71+12.59
minutes for interlock nailing. In the dynamic
compression plating group, 3 (10%) patients had
operative times under 120 minutes, 17 (56.67%) had
times between 120-150 minutes, and 10 (33.33%) had
times over 150 minutes. For interlock nailing, 4
(13.33%) patients had operative times under 120
minutes, 20 (66.67%) were between 120-150 minutes,
and 6 (20%) were over 150 minutes. No significant
difference was found in operative time between the two
groups (p=0.561). Nehate et al. (2021) found that the
operative time was significantly longer for plating
(123.8 minutes) than for nailing (58.4 minutes) due to
the more extensive dissection required for plating [26].
Among the studied patients, 26 (86.67%) in the
dynamic compression plating group achieved union,
with 4 (13.33%) experiencing non-union. In the
interlock nailing group, 25 (83.33%) had a union, while
5 (16.67%) had non-union. Modi et al. (2015) observed
no cases of non-union in the dynamic compression
plating group, whereas the interlock nailing group had a
non-union incidence of 7.7% [27]. In the interlock
nailing group, shoulder stiffness was present in 4
(13.33%) patients treated with dynamic compression
plating, compared to 8 (26.67%). The difference in
shoulder stiffness between the two groups was
statistically significant (p=0.034). Singh et al. (2016)
reported that shoulder stiffness was more common in
the interlock nailing group, with 10 cases, compared to
none in the dynamic compression plating group [28].
Neurovascular deficits were observed in 3 (10%)
patients treated with dynamic compression plating,
whereas 1 (3.33%) patient in the interlock nailing group
experienced such deficits. Naveen et al. (2013) noted
no cases of postoperative radial nerve palsy in the
dynamic compression plating group, but two patients in
the interlock nailing group developed neuropraxia,
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which gradually resolved [30]. The Constant-Murley
score for shoulder function averaged 94.67+2.13 in the
dynamic compression plating group and 88.17+£4.73 in
the interlock nailing group. In the dynamic compression
plating group, 7 (23.33%) patients scored between 81-
90, while 23 (76.67%) scored above 90. In the interlock
nailing group, 7 (23.33%) scored below 80, 17
(56.67%) scored between 81-90, and 6 (20%) scored
above 90. The difference in Constant-Murley scores
between the two groups was significant (p<0.001).
Lastly, the Mayo Elbow Performance Index (MEPI)
was 90.66+3.89 in the dynamic compression plating
group and 91.48+3.26 in the interlock nailing group.
Among the dynamic compression plating group, 16
(53.33%) had a MEPI below 90, 11 (36.67%) scored
between 91-95, and 3 (10%) scored between 96-100. In
the interlock nailing group, 18 (60%) scored below 90,
8 (26.67%) scored between 91-95, and 4 (13.33%)
scored between 96-100. No significant difference in
MEPI was found between the two groups (p=0.698).
Kulkarni et al. (2012) found similar results, with no
significant differences in functional outcomes between
the two methods as measured by the American
Shoulder and Elbow Surgeons score and range of
motion after eight months of follow-up [29]. Nehate et
al. (2021) also reported no significant differences in
functional outcomes between the groups [26].

Limitations of the study: Every hospital-based study
has inherent limitations, and this study is no different.
The primary constraints include the following: the
findings may not be broadly applicable at a national or
global level due to the study's reliance on a single
tertiary care center; the sample size was relatively
modest in comparison to other research; the short
duration of the trial hindered the comprehensive
assessment of complications and mortality; and there
was no extended follow-up with patients.

CONCLUSION AND RECOMMENDATIONS
In this prospective study, various clinical parameters
were assessed in patients. Most participants were under
30 years old, with males being more frequently affected
than females. Fractures on the right side were more
common than on the left. Dynamic compression plating
was associated with longer operative time, more
significant blood loss, and a higher union rate.
Neurovascular deficits were lower with interlock
nailing compared to dynamic compression plating.
However, the Constant Murley score was significantly
higher for dynamic compression plating, indicating
more pronounced shoulder stiffness in patients treated
with interlock nailing, which suggests reduced shoulder
function postoperatively. The Mayo elbow performance
score was also higher in the dynamic compression
plating group, although this difference was not
statistically significant. Dynamic compression plating
should be the gold standard for the surgical treatment of
humeral shaft fractures.
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Conflict of interest: No conflict of interest.
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