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Abstract

Background: Femoral neck fractures with a more vertical fracture line (i.e., a high Pauwels’ angle)
have been studied to experience more shear forces and therefore are predisposed to nonunion or loss of
fixation. Although no consensus about an ideal fixation method is known, we are aware of no clinical
series in North India in which the treatment outcomes of these fractures were evaluated. The purpose of
this single-center prospective study was to evaluate a series of high shear angle (>70) femoral neck
fractures in young adults and to study and compare the outcomes, complications, and performance of
various internal fixation strategies.

Methods: Between January 2014 and December 2016, we admitted and subsequently treated twenty -five
Pauwels’ type-3 (Orthopaedic Trauma Association [OTA] type-31B2.3) femoral neck fractures in twenty-
five patients with a mean age of twenty-three years. All patients were followed to union with a mean
duration of follow-up of eighteen months. Fourteen fractures were treated with cannulated screws and
eleven with a fixed-angle device. The reduction quality, accuracy of implant placement, time to surgery,
influences of capsular decompression, and rates of nonunion and osteonecrosis were evaluated.
Results: Sixteen (64%) of the fractures had good-to-excellent reduction, and five had a fair reduction.
There was a nonunion of one (6%) of the sixteen fractures with a good-to-excellent reduction and two of
the five with a poorreduction. There was an aseptic nonunion of four (28%) of the fourteen fractures
treated with screw fixation alone as compared with one (9%) of the eleven fractures treated with a fixed-
angle device. Osteonecrosis occurred after treatment of four (16%) of the twenty-five fractures.
Conclusions: We got anonunion in 28% for fractures treated with cannulated screws alone and 9% for
those treated with a fixed-angle device. This was inspite of the fact that we achieved a good fracture
reduction and implant placement in most of the cases. Even though our results match with previously
reported studies, our study highlights this difficult fracture and the most ideal implant still remains
elusive.

Level of Evidence: Therapeutic Level I11.

Introduction reduction and secure a good stable fixation.
Femoral neck fractures in younger individuals Outcome depends on key factors like patient
result due to high-energy trauma. Every effort has variables, fracture displacement, and fracture
to be made in order to achieve an anatomic pattern.
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Femoral neck fractures are of three types
according to Pauwels’ classification (Fig. 1). The
classification is based on the angle between
horizontal and the fracture line. Increasing angle

Type | Type Il

5 Q\W

creates more shear forces across the fracture line.
Fracture stability and hence treatment outcomes
are inversely proportional to the increasing angle.

Fig 2 X-ray of al6 year old young patient showing Pauwels’ type 3 fractures

Anatomic reduction and internal fixation with an
emphasis on preservation of the blood supply to
the femoral head is the treatment of choice for
younger patients. The primary blood supply to the
femoral head is the deep branch of the medial
femoral circumflex artery. It anastomoses
anteriorly with branches of the lateral femoral
circumflex artery and branches of the obturator
artery. Additional anastomoses occur with the
superior and inferior gluteal arteries, and internal
pudendal artery. Although there is wide
variability, the average femoral neck shaft angle
measures 127° and the average femoral- neck
anteversion measures13°.

Strategies for optimizing fixation stability in the
young age group include placing additional
screws at right angles to the fracture plane and
medial buttress plate augmentation. Rates of
osteonecrosis and nonunion have been reported as
ranging from 10% to 45% and from 10% to 30%,
respectively.

Cannulated screw fixation is a widely accepted
technique for transcervical femoral neck fracture
fixation because it is simple and minimally
invasive. A number of biomechanical and clinical
studies have attempted to identify the ideal
configuration and number of screws for optimal
fixation to resist axial bending and torsional forces
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passing across the hip joint. Fracture stability
increases when increasing from 2 to 3 screws. The
optimal construct for osteoporotic femoral neck
fixation is an inverted triangle configuration with
3 parallel screws. The addition of a fourth screw
has been shown to significantly increase construct
strength in femoral neck fractures with significant
posterior cortical comminution.

Femoral neck shortening following femoral neck
fracture fixation with cancellous screws is
common and results in a significant negative
impact on the patient’s physical function.
Technique of internal fixation using non-sliding
constructs minimizes femoral neck shortening.
These constructs include a sliding hip screw or a
dynamic condylar screw. To our knowledge there
have been no clinical seriesin North India
analyzing the results of wvarious fixation
strategies—i.e.,, comparing screw fixation
alone with a fixed-angle device in Pauwels’ type 3
fractures in younger age group.

The purpose of this study was therefore to
evaluate series of Pauwels’ type-3 femoral neck
fractures in young adults and compare the
outcomes and complications associated with the
treatment of these fractures by various internal
fixation devices and strategies.

Materials and Methods

Twenty five patients with Pauwels’ type-3
femoral neck fractures were treated with internal
fixation at a tertiary care hospital in North India.
Radiographs were reviewed and fracture
verticality was measured with a goniometer
according to the method of Pauwels. Only
transcervical fractures with >70 degrees of
verticality were included in the study. So-called
basicervical fractures were excluded. To avoid
confusion between basicervical and transcervical
fractures, we chose to include only vertical
fractures that had at least 1 cm of the superior part
of the femoral neck between the fracture line and
the medial aspect of the greater trochanter. If
rotation of the lower limb precluded accurate
measurement of the fracture verticality on the

preoperative radiographs, intraoperative
fluoroscopic images and immediate postoperative
radiographs were used as well. We thought that
the use of serial radiographs would allow us to
confirm our suspicions of a vertical fracture noted
on preoperative radiographs. Patients ranged in
age from fifteen to thirty five years, with a mean
age of twenty-three years. Sixteen patients were
males and there were 9 female patients. All
patients had aunilateral fracture. All fractures
were classified as type-31B2.3 according to the
system of the Orthopaedic Trauma Association
(OTA).

All patients were followed to union or revision
surgery, with a mean duration of follow-up of
eighteen months (range, twelve to twenty four
months). After institutional review board approval
was obtained a, clinical and radiographic data
were reviewed and results, complications, and the
need for revision surgery were analyzed. Five
patients had other orthopaedic injuries. When a
patient had sustained multiple traumatic injuries,
the life-threatening injuries were given priority for
treatment and femoral neck fractures were treated
urgently; however, all femoral neck fractures were
treated  within  twenty-four  hours  after
presentation. The choice of fixation device, the
operative approach, and the need for capsulotomy
were determined by the treating surgeon.

Twenty fractures were displaced, and five were
non displaced. Fourteen fractures were treated
with cannulated screw fixation, and eleven were
treated with some form of fixed-angle device. We
defined a fixed-angle device as an implant that
maintains the angle of the femoral head fixation
by virtue of femoral shaft fixation. Of those
treated with a fixed angle device, eight were
treated with a dynamic hip screw and three with a
dynamic condylar screw (Table I).
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Table 1 Quality of reduction with different implants

Implant Excellent Good Fair Poor Total
CCS 5 4 3 2 14
DHS 3 2 1 2 8
DCS 2 - 1 - 3

Three were treated with open reduction and
internal fixation (with direct visualization of the
fracture fragments), and twenty were treated with
closed reduction and internal fixation. Generally,
at our institution, fractures were reduced under
direct visualization if closed reduction was seen to
be imperfect under fluoroscopic scrutinyin two
planes. Two displaced fractures were treated with
a capsulotomy. Intra-op quality of reduction was
assessed by identifying Lowell’s S / reverse S
curves and Garden alignment index. Haidukewych
et al. method was used to assess the quality of
femoral neck reduction. On the basis of the degree
of residual angulation and the amount of
displacement, fracture reduction was classified as
excellent (<2 mm of displacement and <5 degree
of angulationin any plane), good (2 to 5 mm of
displacement and/or 5 to 10 degree of angulation),
fair (>5 to 10 mm of displacement and/or >10 to
20 degree of angulation), or poor (>10 mm of
displacement and/or >20 degree of angulation, or
any varus). Osteonecrosis was classified
radiographically ~with use of the Ficat
Classification.

Results

Sixteen (64%) of the twenty five- fractures healed
after the index operation without evidence of
osteonecrosis or nonunion at the time of final
follow-up. Osteonecrosis occurred after treatment
of four (16%) of the twenty- five fractures, and
there was a nonunion of five (20%) of the twenty-
five fractures. Two patients had both of these
complications. Three of the eight inverted triangle
parallel annulated-screw configurations and one of
the sixcross-screw configurations had nonunion.
Osteonecrosis developed after three (21%) of the
fourteen fractures treated with screw fixation
alone and one (9%) of the eleven fractures treated

with a fixed-angle device (Table Il1). There was
one case of nonunion in the latter group.
Table 2. Complications with the use of different

implants

Complication CCS DHS DCS TOTAL
Nonunion 4 - 1 5
Osteonecrosis 3 1 - 4

None of the five nonmdisplaced fractures failed to
unite, and there were no cases of osteonecrosis in
that group. Therefore, the rates of osteonecrosis
and aseptic nonunion associated with the twenty
displaced fractures were 20% and 25%,
respectively. Of the sixteen good-to-excellent
reductions, one (8%) was followed by nonunion
and one (8%), by the development of
osteonecrosis. Two of the five fair reductions
were followed by a nonunion. One fracture that
had been initially treated with screw fixation had
revision to a fixed-angle deviceand subsequently
united.

Three fractures that were treated with open
reduction had, by definition, a capsulotomy. Two
additional displaced fractures treated with closed
reduction and fixation also received a
capsulotomy. None of the non displaced fractures
were treated with either a capsulotomy or
aspiration. At the time of the most recent follow-
up, osteonecrosis had developed at the sites of two
of the five fractures that had been treated with a
capsulotomy and two of the twenty (10%) of the
twenty fractures that had not. This difference was
significant.
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Master Chart

APPROACH  QUALITY OF REDUCTION  OSTEOMECROSIS |
CRIF F air No
CRIF Good No
CRIF Excellent No
ORIF Poor Yes
CRIF Poor Yes
CRIF Good MNo
ORIF Poor Mo
CRIF Excellent Yes
CRIF Excellent No
CRIF Excellent No
CRIF Excellent No
CRIF Excellent Mo
CRIF F air Mo
CRIF Good MNo
CRIF Good Mo
ORIF Poor Yes
CRIF Excellent No
CRIF F air No

Capsulotomy Good No
CRIF Excellent Mo
CRIF Good Mo
CRIF F air No
CRIF Excellent No
CRIF Excellent No

Capsulotomy F air No

S.NO AGE SEX  FRACTURETYPE IMPLANT
1 15 M Displaced CCS
2 15 M Displaced DHS
3 20 F Displaced CCS
4 13 F Displaced DHS
5 20 M Displaced CCS
5] 21 F Displaced CCS
T 3 M Displaced DHS
8 32 M Displaced CCS
3 35 F Undisplaced DHS
10 16 M Undisplaced DCcs
il 20 F Undisplaced DHS
12 20 M Undisplaced CCS
13 26 M Displaced CCS
14 29 M Displaced DHS
15 21 M Displaced CCS
16 18 M Displaced CCS
17 16 M Undisplaced DHS
15 17 F Displaced CCS
13 13 F Displaced CCS
20 20 F Displaced DCs
21 21 M Displaced CCS
22 29 M Displaced DHS
23 31 M Displaced CCS
249 32 F Displaced CCS
25 33 F Displaced Dcs

Discussion

In this series, contemporary internal fixation
methods for Pauwels type-3 vertical femoral neck
fractures had a reasonable union rate (84%) with a
low prevalence of osteonecrosis (16%). This may
be attributable to the healing potential and
excellent bone quality in younger patients. It is
notable that the cohort was relatively young and
the vast majority of fractures were displaced. A
recent clinical study and a recent meta-analysis
showed that older patients with poorer bone
quality may have a higher tendency for nonunion,
with rates of >30%, and poorer outcomes.

Quality of the reduction had an impact on the risk
of nonunion. Four of the nine poor —to- fair
reductions but only one of the sixteen good-to-
excellent reductions was complicated by a
nonunion. It was previously shown that two
important predictors of failure of fixation of a
femoral neck fracture were varus reduction and
the surgeon’s perception that attaining a reduction
was difficult.

A recent review of the results of internal fixation
of femoral neck fractures in 102 patients between
fifteen and fifty years of age showed that posterior
comminution, poor reduction, and improper screw
placement were the most important factors
contributing to nonunion. Specifically, varus
reduction and inferior displacement of the
proximal fragment recently were found to
adversely affect union rates in a series of thirty-
nine patients with a femoral neck fracture.
Subanalysis of the twenty displaced fractures in
our series showed the rate of subsequent
osteonecrosis to be 20%.

The difference in the rate of osteonecrosis
between those who had (40%) and those who had
not (10%) received a capsulotomy was significant;
however, our sample size was too small for us to
make definitive conclusions about the value of
capsulotomy.

All of our patients were treated within twenty-four
hours after the injury. However, the exact time to
treatment is difficult to ascertain. We were unable
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to evaluate the effect of treatment times of less
than twenty-four hours on outcomes, as detailed
timing records were not available. A recent study
of 102 patients showed that a delay in surgery of
greater than forty-eight hours had no influence on
osteonecrosis rates1l4. In another series, of thirty
femoral neck fractures, there was no difference in
osteonecrosis or nonunion rates between patients
treated within twelve hours after the injury and
those treated more than twelve hours after the
injury.

With regard to the impact of implant type on
nonunion rates, four out of fourteen (28) % of the
fractures treated with screw fixation in our series
compared with one out of eleven (9%) treated
with a fixed-angle device progressed to aseptic
nonunion (Figs. 2 and 3). This difference was not
significant (p = 0.29), and the rates of
osteonecrosis were 21% and 9% respectively for
the two device categories.

Fig 2. X-ray of a vertical femoral neck fracture treated with three cannulated screws.

Fig. 3 X-ray of a vertical femoral neck fracture treated with dynamic hip screw with blade plate system

Biomechanically, it has been shown that a sliding
hip screw device is stronger than three parallel

cancellous screws for the treatment of basicervical
fractures, the orientation of which is similar to but
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more distal than that of Pauwels type-3 fractures.
A recent biomechanical study showed the
construct stiffness of fixed-angle devices to be
superior to that of cannulated screws alone for the
fixation of a Pauwels type-3 fracture in cadaveric
femora.

Our overall nonunion rate of 20% was higher than
that reported in a recent large series of femoral
neck fractures in young patients and supports the
theory that these type-3 fractures experience shear
and may demonstrate a higher rate of varus,
shortening, and nonunion. Haidukewych et al.
reported a nonunion rate of 8% overall but did not
classify fracture verticality when they reported the
outcomes. In their series, anatomic reductions
were associated with a 4% rate of aseptic non-
union. Therefore, we chose to analyze the most
vertical, or ‘‘worst-case scenario,”’ in an effort to
demonstrate the impact of fixed-angle support on
this theoretically high shear fracture pattern. The
weaknesses of this study include the smaller
number of cases and the multiple surgeons
involved. However, this fracture pattern israrely
encountered, making it difficult to obtain a large
enough series to study. The strengths of this study
include its propective design and early accurate
reduction and the good clinical and radiographic
follow-up.

In conclusion, Pauwels type-3 femoral neck
fractures are problematic to treat, with nonunion
rates higher than those reported for historical
controls. Despite excellent reduction, timely
surgery, and accurate implant position in a
relatively young patient cohort with good bone
quality, the mechanical failure rate was 28% for
fractures treated with cannulated screws alone and
9% for those treated with a fixed-angle device.
These nonunion rates suggest that these fractures
may experience more shear than do more
horizontal fractures; however, our data do not
allow us to draw any definitive conclusions about
the best form of surgical stabilization. Larger,
multicenter, prospective, randomized series are
warranted to determine the optimal fixation
strategy for this problematic fracture.

References

1. Aminian A, Gao F, Fedoriw WW, Zhang
LQ, Kalainov DM, Merk BR. Vertically
oriented  femoral neck  fractures:
mechanical analysis of four fixation
techniques. J Orthop Trauma. 2007
21:544-8.

2. Bartoni'cek J. Pauwels’ classification of
femoral neck fractures: correct inter
pretation of the original. J Orthop Trauma.
2001; 15:358-60.

3. Chua D, Jaglal SB, Schatzker J. Predictors
of early failure of fixation in the
treatment of displaced subcapital hip
fractures. J Orthop Trauma. 1998; 12:
230-4.

4. Ficat RP. Idiopathic bone necrosis of the
femoral head. Early diagnosis and
treatment. J Bone Joint Surg Br. 1985;
67:3-9.

5. Garden RS. Malreduction and avascular
necrosis in subcapital fractures of
thefemur. J Bone Joint Surg Br. 1971,
53:183-97.

6. Gjertsen JE, Fevang JM, Matre K, Vinje T,
Engesater LB. Clinical outcome after
undisplaced femoral neck fractures. Acta
Orthop. 2011; 82(3):268-274.

7. Haidukewych GJ, Rothwell WS, Jacofsky
DJ, Torchia ME, Berry DJ. Operative
treatment of femoral neck fractures in
patients between the ages of fifteen and
fifty years. J Bone Joint Surg Am. 2004;
86:1711-6.

8. Liporace F, Gaines R, Collinge C,
Haidukewych GJ. Results of internal
fxation of Pauwels type-3 vertical femoral
neck fractures. J Bone Joint Surg Am.
2008; 90(8):1654-1659.

9. Lu-Yao GL, Keller RB, Littenberg B,
Wennberg JE. Outcomes after displaced
fractures of the femoral neck. A meta-
analysis of one hundred and six published
reports. J Bone Joint Surg Am. 1994;
76:15-25.

Dr Imtiyaz Ahmad BEIGH et al IMSCR Volume 07 Issue 08 August 2019

Page 127




10. Smyth EH, Shah VM. The significance of
good reduction and fixation in displaced
subcapital fractures of the femur. Injury.
1974; 5:197-209.

11. Swiontkowski MF, Harrington RM, Keller
TS, Van Patten PK. Torsion and
bending analysis of internal fixation
techniques for femoral neck fractures: the
role of implant design and bone density. J
Orthop Res. 1987; 5:433-44.

Dr Imtiyaz Ahmad BEIGH et al IMSCR Volume 07 Issue 08 August 2019 Page 128




	page1

