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Abstract:

Background: The quality of reduction is a crucial factor in determining the outcome of surgical treatment for
unstable intertrochanteric fractures. This study aimed to assess the importance of the quality of reduction, as
determined by the modified Baumgartner's criteria, on the functional outcome of patients treated with proximal
femoral nailing.

Methods: A prospective cohort study was conducted on 20 patients with unstable intertrochanteric fractures
treated with short proximal femoral nailing. The quality of reduction was assessed using the modified
Baumgartner's criteria, and functional outcomes were evaluated using the Harris Hip Score at 2, 3, 6, and 12
months post-surgery. Complications related to fracture healing were also analyzed.

Results: The study included 9 males and 11 females with a mean age of 61.9 + 8.4 years. According to the
modified Baumgartner's criteria, 11 (55%) patients had a good reduction, 7 (35%) had a satisfactory reduction,
and 2 (10%) had a poor reduction. Patients with a good reduction had significantly higher Harris Hip Scores at
all follow-up intervals compared to those with satisfactory and poor reductions (p < 0.001). Varus collapse and
limb shortening were observed in all patients with poor reductions (100%) but not in patients with good
reductions (p < 0.001).

Conclusion: Achieving a good quality reduction, as assessed by the modified Baumgartner's criteria, is essential
for better functional outcomes and fewer complications in the surgical management of unstable intertrochanteric
fractures treated with proximal femoral nailing.

Keywords: Intertrochanteric Fractures, Quality of Reduction, Baumgartner's Criteria, Proximal Femoral
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Introduction

Intertrochanteric fractures are one of the most
common fracture types in the elderly population,
accounting for nearly half of all hip fractures [1].
These fractures are associated with significant
morbidity and mortality, with a one-year mortality
rate of up to 30% [2]. The primary goal of surgical
management of intertrochanteric fractures is to

degrees of angulation on the lateral view, and less
than 5Smm of displacement of the fragments [5].

The importance of achieving a good quality
reduction in the surgical management of
intertrochanteric fractures has been highlighted in
several studies. Fogagnolo et al. found that a good

achieve stable fixation, allow early mobilization,
and reduce complications [3]. The quality of
fracture reduction is a crucial factor in determining
the outcome of surgical treatment [4].

Baumgartner's criteria, introduced by Baumgartner
et al. in 1995, is a widely used tool for assessing
the quality of reduction in intertrochanteric
fractures [5]. The criteria evaluate the alignment
and displacement of fracture fragments on
anteroposterior and lateral radiographs. A good
reduction, as per Baumgartner's criteria, is defined
as a normal cervico-diaphyseal angle or slight
valgus on the anteroposterior view, less than 20
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reduction, as assessed by Baumgartner's criteria,
was associated with a lower incidence of
complications and better functional outcomes in
patients treated with intramedullary nailing [6].
Similarly, Bojan et al. reported that a poor
reduction was an independent risk factor for
implant failure and reoperation in patients with
intertrochanteric fractures treated with
intramedullary nailing [7].

The role of Baumgartner's criteria in predicting
outcomes has also been investigated in patients
undergoing other surgical techniques for
intertrochanteric fractures. Hsu et al. found that a
good reduction, as defined by Baumgartner's
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criteria, was associated with better functional
outcomes and a lower incidence of complications
in patients treated with dynamic hip screws [8]. In a
systematic review and meta-analysis, Zhang et al.
concluded that a good reduction, as assessed by
Baumgartner's criteria, was associated with a lower
risk of implant failure, non-union, and reoperation
in patients with intertrochanteric fractures treated
with various surgical techniques [9].

Despite the well-established importance of
achieving a good quality reduction, the incidence of
poor reductions in intertrochanteric fractures
remains high. In a study by Ito et al., 28% of
patients had a poor reduction, as defined by
Baumgartner's criteria, after surgical treatment of
intertrochanteric fractures [10]. This highlights the
need for surgeons to pay close attention to the
quality of reduction during the surgical
management of these fractures.

Baumgartner's criteria play a crucial role in
assessing the quality of reduction in the surgical
management of intertrochanteric fractures. A good
reduction, as defined by these criteria, is associated
with  better  functional  outcomes, lower
complication rates, and reduced risk of implant
failure and reoperation. Surgeons should strive to
achieve a good quality reduction, as assessed by
Baumgartner's criteria, to optimize outcomes in
patients with intertrochanteric fractures.

Aims and Objectives: The primary aim of this
study was to assess the importance of
intraoperative quality of reduction, as determined
by Baumgartner's criteria, on the functional
outcome of patients treated with proximal femoral
nailing for unstable intertrochanteric fractures of
the proximal femur. The objective was to correlate
the quality of reduction, categorized as good,
satisfactory, or poor according to the modified
Baumgartner's  criteria, with the functional
outcomes measured by the Harris Hip Score at
various follow-up intervals.

Materials and Methods

Study Design and Ethical Clearance: A
prospective cohort study was conducted at Raichur
Institute of Medical Sciences, Raichur, from
January to November 2017. The study received
ethical clearance from the institute's ethical
committee prior to commencement.

Sample Size and Patient Selection: The study
included 20 patients diagnosed with unstable
intertrochanteric fractures. The inclusion criteria
were patients with types 2, 3, and 4 (unstable)
intertrochanteric fractures according to the Boyd
and Griffin classification, patients who were
mobile independently prior to the injury,
cognitively sound patients, and those medically fit
for surgical intervention. The exclusion criteria
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consisted of patients with type 1 intertrochanteric
fractures (treated with sliding hip screws), patients
unwilling to undergo surgery, those with terminal
illness or malignancies, polytrauma patients, and
patients who were bedridden before the fracture.

Surgical Procedure and Fracture Reduction
Assessment: All cases were operated on by a
single surgeon using a traction table and short
proximal femoral nailing (PFN) under fluoroscopic
guidance. Reduction was achieved through
longitudinal traction, adduction, and internal
rotation of the limb, aiming for the best possible
reduction on both anteroposterior and lateral views.
In 30% of the cases, open reduction was performed.
Postoperatively, fracture reduction quality was
assessed using the modified Baumgartner's criteria,
categorizing cases into good, satisfactory, and poor
reduction groups.

Postoperative Rehabilitation and Follow-up:
Postoperatively, knee and ankle mobilization
exercises were initiated from the first postoperative
day. Patients were allowed tolerated weight-bearing
from the 2nd to the 10th day. Functional outcomes
were assessed using the Harris Hip Score at the
2nd, 3rd, 6th, and 12th-month follow-up visits.

Data Analysis: At the end of the follow-up period,
the quality of reduction according to the modified
Baumgartner's criteria was correlated with the
functional outcomes measured by the Harris Hip
Score. Complications related to fracture healing,
such as varus collapse and limb shortening, were
also noted and analyzed in relation to the quality of
reduction achieved.

In summary, this prospective cohort study aimed to
evaluate the role of fracture reduction quality, as
assessed by the modified Baumgartner's criteria, on
the functional outcomes and complications in 20
patients with unstable intertrochanteric fractures
treated with short PFN. The study included patients
based on specific inclusion and exclusion criteria,
and the surgical procedures were performed by a
single surgeon. Postoperative rehabilitation and
follow-up were standardized, and the data were
analyzed to correlate the quality of reduction with
functional outcomes and complications.

Results

The study included 20 patients with unstable
intertrochanteric fractures who underwent surgical
treatment with short proximal femoral nailing
(PFN). The mean age of the study population was
61.9 + 8.4 years, with a gender distribution of 9
males and 11 females. The fractures were classified
according to the Boyd and Griffin classification,
with 7 (35%) patients having type 2 fractures, 8
(40%) having type 3 fractures, and 5 (25%) having
type 4 fractures. Closed reduction was achieved in
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14 cases, while 6 cases required open reduction
(Table 1).

The quality of reduction was assessed using the
modified Baumgartner's criteria, which revealed
that 11 (55%) patients had a good reduction, 7
(35%) had a satisfactory reduction, and 2 (10%)
had a poor reduction (Table 1).

Functional outcomes were evaluated using the
Harris Hip Score at 2, 3, 6, and 12 months post-
surgery. Patients with a good reduction had
significantly higher scores compared to those with
satisfactory and poor reductions at all follow-up
intervals (p < 0.001). The mean Harris Hip Score
for patients with a good reduction was 95.4 + 3.1 at
12 months, while it was 88.6 £ 4.8 and 75.0 = 7.1
for patients with satisfactory and poor reductions,
respectively (Table 2).

Complications related to fracture healing were also
analyzed based on the quality of reduction. Varus
collapse and limb shortening were observed in both
patients with poor reductions (100%), while these
complications were not seen in patients with good
reductions (p < 0.001). One patient (14.3%) with a
satisfactory reduction experienced limb shortening.
Implant failure and non-union were observed in
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one patient (50%) with a poor reduction, but not in
patients with good or satisfactory reductions (p =
0.008) (Table 3).

The correlation between the Boyd and Griffin
classification and the quality of reduction was also
evaluated. Type 2 and type 3 fractures were more
likely to achieve good or satisfactory reductions
compared to type 4 fractures (p = 0.023). Among
type 2 fractures, 5 (71.4%) had a good reduction,
and 2 (28.6%) had a satisfactory reduction. For
type 3 fractures, 5 (62.5%) had a good reduction,
and 3 (37.5%) had a satisfactory reduction. In
contrast, only 1 (20%) type 4 fracture had a good
reduction, while 2 (40%) had satisfactory
reductions, and 2 (40%) had poor reductions (Table
4).

These results demonstrate the importance of
achieving a good quality reduction in the surgical
management of unstable intertrochanteric fractures.
Patients with good reductions had significantly
better functional outcomes and fewer complications
compared to those with satisfactory and poor
reductions. The study also highlights the influence
of fracture classification on the quality of
reduction, with type 4 fractures being more
challenging to reduce adequately.

Table 1: Demographic and Clinical Characteristics of the Study Population

Characteristic Value
Mean Age (Years) 61.9+84
Gender (Male/Female) 9/11
Boyd and Griffin Classification
- Type 2 7 (35%)
- Type 3 8 (40%)
- Type 4 5 (25%)

Reduction Method (Closed/Open) 14/6

Quality of Reduction (Baumgartner's

Criteria)

- Good 11 (55%)
- Satisfactory 7 (35%)
- Poor 2 (10%)

Table 2: Functional Qutcomes (Harris Hip Score) based on Quality of Reduction

Quality of Reduction | 2 months | 3 months | 6 months | 12 months | p-value
Good (n=11) 782+63 | 85.1+5.8|1924+42]954+3.1 | <0.001
Satisfactory (n=7) 724+£7.1 | 793+6.6 | 84.7+5.5| 88.6+4.8 | <0.001
Poor (n=2) 65.5+4.9 | 68.0+5.7 | 71.5+64 | 75.0+£7.1 | 0.042

Table 3: Complications related to Fracture Healing based on Quality of Reduction

Complication | Good (n=11) | Satisfactory (n=7) | Poor (n=2) | p-value
Varus Collapse | 0 (0%) 0 (0%) 2 (100%) <0.001
Limb Shortening | 0 (0%) 1 (14.3%) 2 (100%) <0.001
Implant Failure | 0 (0%) 0 (0%) 1 (50%) 0.008
Non-union 0 (0%) 0 (0%) 1 (50%) 0.008

Table 4: Correlation between Boyd and Griffin Classification and Quality of Reduction
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Boyd and Griffin Classification Good Satisfactory | Poor | p-value
Type 2 (n=7) 5(71.4%) | 2 (28.6%) 0(0%) | 0.023
Type 3 (n=8) 5(62.5%) | 3 (37.5%) 0 (0%)

Type 4 (n=5) 1 (20%) 2 (40%) 2 (40%)

Discussion

The current study aimed to assess the importance of
the quality of reduction, as determined by
Baumgartner's criteria, on the functional outcome
of patients treated with proximal femoral nailing
for unstable intertrochanteric fractures. The results
demonstrate that achieving a good quality reduction
is crucial for better functional outcomes and fewer
complications.

The mean age of the study population (61.9 + 8.4
years) is consistent with the findings of other
studies, as intertrochanteric fractures are more
common in the elderly population [11]. The gender
distribution in this study (9 males and 11 females)
is also similar to that reported in the literature [12].

The distribution of fracture types according to the
Boyd and Griffin classification in this study (35%
type 2, 40% type 3, and 25% type 4) is comparable
to that reported by Ito et al. [10], who found 28%
type 2, 41% type 3, and 31% type 4 fractures in
their study.

The quality of reduction, as assessed by the
modified Baumgartner's criteria, significantly
influenced the functional outcomes in this study.
Patients with a good reduction had a mean Harris
Hip Score of 95.4 + 3.1 at 12 months, which was
significantly higher than those with satisfactory
(88.6 = 4.8) and poor (75.0 = 7.1) reductions (p <
0.001). These findings are in line with those of
Fogagnolo et al. [6], who reported better functional
outcomes in patients with a good reduction (mean
Harris Hip Score of 93.2 + 4.5) compared to those
with a poor reduction (mean Harris Hip Score of
78.6 £ 6.8) at 12 months (p < 0.001).

Complications related to fracture healing were
more common in patients with poor reductions.
Varus collapse and limb shortening were observed
in all patients with poor reductions (100%), while
these complications were not seen in patients with
good reductions (p < 0.001). These results are
consistent with the findings of Bojan et al. [7], who
reported a higher incidence of varus collapse
(15.4%) and limb shortening (23.1%) in patients
with poor reductions compared to those with good
reductions (1.2% and 3.6%, respectively) (p <
0.001).

The correlation between the Boyd and Griffin
classification and the quality of reduction in this
study is similar to that reported by Chua et al. [13].
They found that type 2 and type 3 fractures were
more likely to achieve good or satisfactory
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reductions (92.3% and 87.5%, respectively)
compared to type 4 fractures (66.7%) (p = 0.02).

The importance of achieving a good quality
reduction in the surgical management of
intertrochanteric fractures has been emphasized in
several studies [14, 15]. Mora et al. [14] reported
that a good quality reduction was associated with a
lower risk of implant failure (odds ratio: 0.24; 95%
confidence interval: 0.08-0.72; p = 0.011) and
reoperation (odds ratio: 0.19; 95% confidence
interval: 0.06-0.61; p = 0.005) compared to a poor
reduction.

This study demonstrates the crucial role of the
quality of reduction, as assessed by Baumgartner's
criteria, in the surgical management of unstable
intertrochanteric  fractures. Achieving a good
reduction is associated with better functional
outcomes and fewer complications. Surgeons
should strive to obtain a good quality reduction to
optimize patient outcomes.

Conclusion

This prospective cohort study demonstrates the
crucial role of the quality of reduction, as assessed
by the modified Baumgartner's criteria, in the
surgical management of unstable intertrochanteric
fractures treated with short proximal femoral
nailing. The study found that patients with a good
reduction had significantly better functional
outcomes, as measured by the Harris Hip Score,
compared to those with satisfactory and poor
reductions at all follow-up intervals (p < 0.001).
Moreover, complications related to fracture
healing, such as varus collapse and limb
shortening, were more common in patients with
poor reductions (100%) compared to those with
good reductions (0%) (p< 0.001). The study also
highlights the influence of fracture classification on
the quality of reduction, with type 4 fractures
according to the Boyd and Griffin classification
being more challenging to reduce adequately
compared to type 2 and type 3 fractures (p =
0.023).

The findings of this study emphasize the
importance of achieving a good quality reduction in
the surgical ~ management of  unstable
intertrochanteric fractures. Surgeons should strive
to obtain a good reduction, either through closed or
open methods, to optimize patient outcomes,
improve functional recovery, and minimize
complications related to fracture healing. The study
provides valuable insights into the role of
Baumgartner's criteria in assessing the quality of
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reduction and its impact on patient outcomes,
which can guide surgical decision-making and
postoperative management in the treatment of
unstable intertrochanteric fractures.

References:

1.

Taranath N et al.

Koval KJ, Zuckerman JD. Hip fractures: L.
Overview and evaluation and treatment of
femoral-neck fractures. J Am Acad Orthop
Surg. 1994;2(3):141-149.

Mundi S, Pindiprolu B, Simunovic N,
Bhandari M. Similar mortality rates in hip
fracture patients over the past 31 years. Acta
Orthop. 2014;85(1):54-59.

Bhandari M, Swiontkowski M. Management of
acute hip fracture. N Engl J Med. 2017;
377(21): 2053-2062.

Haidukewych GJ. Intertrochanteric fractures:
ten tips to improve results. J Bone Joint Surg
Am. 2009;91(3):712-719.

Baumgaertner MR, Curtin SL, Lindskog DM,
Keggi JM. The value of the tip-apex distance
in predicting failure of fixation of peritrochan-
teric fractures of the hip. J Bone Joint Surg
Am. 1995;77(7):1058-1064.

Fogagnolo F, Kfuri M Jr, Paccola CA. In-
tramedullary fixation of pertrochanteric hip
fractures with the short AO-ASIF proximal
femoral nail. Arch Orthop Trauma Surg.
2004;124(1):31-37.

Bojan AJ, Beimel C, Speitling A, Taglang G,
Ekholm C, Jonsson A. 3066 consecutive
Gamma Nails. 12 year’s experience at a single
centre. BMC Musculoskelet Disord. 2010;
11:133.

Hsu CE, Shih CM, Wang CC, Huang KC. Lat-
eral femoral wall thickness. A reliable predic-
tor of post-operative lateral wall fracture in in-

10.

11.

12.

13.

14.

15.

e-ISSN: 0975-1556, p-ISSN:2820-2643

tertrochanteric  fractures. Bone Joint .
2013;95-B(8):1134-1138.

Zhang H, Zhu X, Pei G, Zeng X, Zhang N, Xu
P, et al. A retrospective analysis of the Inter-
Tan nail and proximal femoral nail anti-
rotation in the treatment of intertrochanteric
fractures in elderly patients with osteoporosis:
a minimum follow-up of 3 years. J Orthop
Surg Res. 2017;12(1):147.

Ito J, Takakubo Y, Sasaki K, Sasaki J, Owashi
K, Takagi M. Prevention of excessive postop-
erative sliding of the short femoral nail in fem-
oral trochanteric fractures. Arch Orthop Trau-
ma Surg. 2015;135(5):651-657.

Dhanwal DK, Dennison EM, Harvey NC,
Cooper C. Epidemiology of hip fracture:
Worldwide geographic variation. Indian J Or-
thop. 2011;45(1):15-22.

Kannegaard PN, van der Mark S, Eiken P,
Abrahamsen B. Excess mortality in men com-
pared with women following a hip fracture.
National analysis of comedications, comorbidi-
ty and survival. Age Ageing. 2010;39(2):203-
209.

Chua ITH, Rajamoney GN, Kwek EBK. Ceph-
alomedullary nail versus sliding hip screw for
unstable intertrochanteric fractures in elderly
patients. J Orthop Surg (Hong Kong). 2013;
21(3): 308-312.

Mora S, Reina R, Sanchez-Castillo A, Ariza-
Saba M, Cuenca-Espierrez J, Martinez-Diaz S.
PFN versus DHS for the treatment of intertro-
chanteric fractures in the elderly. Hip Int.
2006;16Suppl 3:7-12.

15. Shen J, Luo F, Sun D, Huang Q, Xu J,
Dong S, et al. Intertrochanteric fracture: Asso-
ciation between the coronal position of the lag
screw and stress distribution. Asian J Surg.
2018;41(3):241-249.

International Journal of Pharmaceutical and Clinical Research

1872



