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Abstract

Purpose To analyze clinical, radiographic and patient-reported outcomes of distal metaphyseal femoral nonunions treated
with fixed-angle plates and screws.

Methods All patients presenting with a distal metaphyseal femoral fracture nonunion repaired with fixed-angle plating
from one urban level 1 trauma center and an orthopedic specialty hospital were identified. Baseline demographic, injury
information, and outcomes (healing rates, Short Musculoskeletal Function Assessment, range of motion, and post-operative
pain levels) at 12 months following nonunion repair were collected. Outcomes were evaluated between patients fixed with
a blade plate and with a locking plate.

Results Of these 31 patients, 27 (87.1%) healed after their index nonunion surgery, 2 (6.5%) healed after one reoperation, 1
(3.2%) healed after 2 reoperations, and 1 (3.2%) had a persistent nonunion but did not want further treatment. At one-year
follow-up, the group demonstrated a significant improvement in functional recovery with a mean difference of 14.5 points
(»=0.007) when compared to status before fixed-angle fixation of the nonunion. There was also a significant change in
patient-reported pain levels using the VAS scale with a mean difference of 2.0 points (p=0.009). At one-year follow-up, 11
(39.3%) had full knee range of motion (0-130), 11 (39.3%) had flexion greater than 90 and less than 120°, and 6 (21.4%)
had range of motion less than 90°.

Conclusion Patients who undergo fixed angle plating and autogenous bone grafting for distal femoral metapyseal nonun-
ions demonstrate improved functional outcomes and VAS pain score at one year follow up.
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Introduction poor reduction, and patient-dependent factors, such smoking

status or underlying medical conditions [2—4]. Distal femoral

Nonunion about the distal femoral metaphysis is a rare but
difficult problem to treat. Nonunion is a complication that
occurs when the biological process of fracture-healing fails
following bony fracture [1]. The incidence of fracture non-
union is determined by a range of patient-independent fac-
tors, such as inadequate mechanical stability, bone loss or
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fracture nonunions have a higher incidence in the elderly but
are generally rare due to the exceptional vascular supply and
prevalence of cancellous bone [5].

Implants for the treatment of these meta-diaphyseal frac-
tures have developed and changed over the years and cur-
rently include fixed-angle options such as the 95-degree con-
dylar blade plate or a pre-contoured locking distal femoral
plate. The 95-degree condylar blade plate was previously the
gold standard for distal femur fixation and is excellent for
stability [6], but over the last few decades, fixed and variable
angle locking screw-plate constructs have been developed
and are now widely used due to less technical difficulty [7].
Several advantages of locking plates include: the lack of
contact needed for the bone to attain stability [8], technically
easier application and potentially less soft tissue exposure
than blade plates [6, 9, 10] and the ability to place fixation
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in areas of the bone dictated by the specific fracture pat-
tern. Biomechanical analyses have demonstrated that locking
plates may possess improved characteristics compared to
blade plates in distal femoral fractures in strength with over-
all and cyclic loading [9] and stiffness in axial compression
and average maximal load [11].

While several studies have examined the benefits and
drawbacks of using blade plates versus locking plates in
metaphyseal femoral fractures, their findings conflict, and
there is a lack of data investigating the outcomes of the use
of fixed-angle fixation (blade and locking plates) for distal
femoral nonunions as well as an absence of patient-reported
outcomes to evaluate these two implants when used in these
applications. The purpose of this study was to examine the
radiographic, clinical and functional outcomes of a consecu-
tive group of patients treated for a metaphyseal distal femur
nonunion using a standardized algorithm of nonunion take-
down, fixed-angle implants and placement of autogenous
iliac crest bone graft.

Materials and methods

Between 2004 and 2022 565 patients treated by one of four
orthopedic traumatologists for a long bone fracture nonunion
at an urban level 1 trauma center and an orthopedic specialty
hospital were enrolled prospectively at the time of their frac-
ture nonunion treatment in an IRB-approved database.

For this study, all patients who presented with distal
metaphyseal femoral fracture nonunion and underwent
operative treatment with a blade plate or a locking plate were
reviewed. Of the 565 patients with long bone nonunions
followed prospectively 32 patients (5.7%) presented with a
distal metaphyseal nonunion.

Demographic data were collected at the time of enroll-
ment including age, sex, BMI, Charlson Comorbidity Index
(CCI), tobacco, alcohol and drug use, and insurance status.
Injury information was also gathered including open fracture
status, soft tissue injuries, presence of additional orthopedic
trauma, and nonunion class defined as atrophic, oligotrophic,
or hypertrophic according Weber and Cech [12].

All patients underwent surgical treatment for their meta-
physeal femoral fracture nonunion using standard operative
algorithms. This included: an infection workup, removal of
failed implant if present, open repair of the nonunion with
or without deformity correction if present and iliac crest
bone grafting as needed. Cultures were obtained at all revi-
sion surgical procedures. All patients weight bearing was
limited for the first 6 weeks post-op as non or 30% weight
bearing depending on factors such as age and bone quality.
After 6 weeks all were advanced to weight bearing as toler-
ated. Physiotherapy for knee range of motion and quadriceps
strengthening was begun after the first post-operative visit.
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Patient follow-up medical information including radio-
logic healing, clinical outcomes and functional score was
collected at 3 months, 6 months, 12 months, and at any sub-
sequent annual follow-ups. Presence of infection was deter-
mined by the results of the intraoperative cultures. Func-
tional outcome was assessed by the Short Musculoskeletal
Function Assessment (SMFA) score. Clinical outcome was
assessed with a visual analog scale (VAS) pain score, hip
or knee range of motion (ROM) of the injured area. Radio-
graphic healing was assessed using standard biplanar radi-
ography and CT scans obtained for surgical planning. Com-
plications, implant failures, and the need for reoperations
were also recorded in real time.

Chi-square tests of association and independent-samples
t-tests were used to determine differences of outcomes col-
lected at 12 months between patients treated with a blade
plate and patients treated with a locking plate. All analy-
ses were conducted using IBM SPSS version 25.0 software
(Armonk, NY) and were considered statistically significant
for p <0.05.

Results

The 32 patients who underwent repair of a distal metaphy-
seal femoral fracture nonunion with plating were reviewed
for analysis. Thirty (93.8%) were treated with a LP (Fig. 1)
and 2 (6.3%) were treated with a BP. One patient with a LP
was lost to follow-up and was excluded from final outcome
analysis.

The mean age was 52.6 years (19.8 to 93.5 years). Nine-
teen patients were female (61.3%) and twelve were male
(38.7%). The time from initial injury to nonunion surgery
was 16.5 months (4 to 90 months). Demographic infor-
mation is provided (Online Resource 1). The majority of
patients had low energy injury mechanisms (51.6%). At
their initial injuries, 7 (22.6%) patients had an open fracture,
11 (35.5%) patients had bone loss, and 8 (25.8%) patients
had additional orthopedic trauma. As classified by nonun-
ion type, 18 (58.1%) patients had atrophic nonunions, 6
(19.4%) patients had hypertrophic nonunions, and 7 (22.6%)
patients had oligotrophic nonunions. Two patients (6.5%)
presented with gross deformity. Injury information is pro-
vided (Table 1).

Overall, 30/31 (97%) nonunions ultimately united. Of
these patients, 27 (87.1%) healed after their index nonun-
ion surgery, 2 (6.5%) had persistent nonunions and healed
after one reoperation with a second bone graft, 1 (3.2%)
developed a deep surgical site infection after negative
intraoperative cultures and healed after 2 reoperations,
and 1 (3.2%) had a persistent nonunion following their
index nonunion surgery but did not want further treatment.
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Fig.1 a An AP femoral radiograph of a 75-year-old with a nonunion
of the right distal femur fracture status post previous attempt at repair
elsewhere, who presents with implant failure. b Coronal CT confir-
mation of the nonunion. ¢ Intraoperative picture of the nonunion site

Table 1 Injury characteristics

Patients

Total [ (%)] 31 (100)
Injury mechanism [n (%)]

Low energy 16 (51.6)

High energy 15 (48.4)
Open fracture [n (%)] 7 (22.6)
Additional orthopedic trauma [n (%)] 8 (25.8)
Nerve injury [n (%)] 2 (6.5)
Vascular injury [ (%)] 1(3.2)
Bone loss [n (%)] 11 (35.5)
Flap/graft [n (%)] 2 (6.5)
Positive intra-operative cultures [n (%)] 2 (6.5)
Infected implant [n (%)] 1(3.2)
Nonunion class [n (%)]

Atrophic 18 (58.1)

Hypertrophic 6(19.4)

Oligotrophic 7(22.6)

Healing rates, number of complications, and number of
implant failures between location are provided (Table 2).

At one-year follow-up, the group demonstrated a sig-
nificant improvement in functional recovery and pain score
when compared to pre repair status. There was an improve-
ment in total SMFA score with a mean difference of 14.5
points (p =0.007) when compared pre repair status. There
was a significant difference in the standardized functional
subcategory of the SMFA with a mean difference of 13.5
points (p =0.014). There was no significant difference in
the standardized bothersome index and emotional index
(p=0.056 and p=0.209, respectively). There was also a
significant change in patient-reported pain levels using the

repaired with a fixed-angle locking plate and autogenous iliac crest
graft packed at the site d—e AP and lateral radiographs at 9 months
status post nonunion repair demonstrating bony union

Table 2 Healing rates, complications, and implant failures

Patients
Healing rates
Healed after initial surgery 27 (87.1)
[n (%)]

One reoperation [n (%)] 2 (6.5)
Two reoperations [n (%)] 1(3.2)
Complications [n (%)] 4(12.9)
Positive intraoperative cultures [n (%)] 1(3.2)
Implant failures [ (%)] 2 (6.5)

VAS scale with a mean difference of 2.0 points (p =0.009;
Table 3).

Regarding knee range of motion at one-year follow-up, 11
(39.3%) had full range of motion (0-130), 11 (39.3%) had
knee flexion greater than 90 and less than 120°, and 6 (21.4%)
had knee range of motion less than 90°. Four patients (12.9%)
had complications which included two patients with persis-
tent nonunion who underwent revision surgery including
bone grafting, one who developed radiographic osteonecrosis
of the anterior lateral femoral condyle and required no treat-
ment, and one developed a deep surgical site infection after
negative intraoperative cultures that underwent irrigation and
debridement and intravenous antibiotic treatment. One patient
(3.2%) had surprise positive intraoperative cultures and was
treated with IV antibiotics and never developed symptoms of
infection. None of these patients had complications with their
iliac crest graft site.
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Table 3 Pain and function

before nonunion surgery Mean before nonun-  Mean at one-year Mean difference p value
compared to one-year follow-up E?;le?rllr_%_e;]g) gggfgp)
Pain 5.1+£32 32429 20+3.3 0.009
Total SMFA 46.6+19.1 32.1+£26.6 14.5+£27.7 0.007
Functional Index 46.0+18.2 32.5+27.6 13.5+£284 0.014
Bothersome Index 48.3+26.4 34.6+33.3 13.8+37.9 0.056
Emotional Index 42.6+23.0 35.8+29.3 6.8+28.9 0.209

“Bold p value indicates a statistically significant value

Discussion

This study indicates that patients with fixed-angle plating
with iliac crest bone graft for distal femoral nonunions is a
successful strategy for repair of these metaphyseal nonunion.
Patients have improved patient-reported functional outcomes
and VAS pain scores at one year of follow-up. Our analysis
demonstrated the majority of patients with this fixed-angle
plating healed following initial nonunion surgery.

Poor bone quality of the metaphysis plays a major role in
the ability for implants to maintain stability over the length
of time needed for healing of metaphyseal fractures. The
establishment of fixed-angle internal fixation has improved
the management of periarticular fractures as the fixed-angle
element of the implant provides direct support for the articu-
lating fragment [13]. Locking plates, which have become
increasingly popular over the last 20 years, are a relatively
more recent development which lock the screw head in the
plate with a threaded chamber on the plate, allowing the
plate and screws to function as a fixed-angle implant and
offer angular stability [5, 14]. Locking plates have the theo-
retical advantages that they need less contact on the bone for
stability [8] and that they require less soft tissue exposure
to implant than traditional historic fixed-angle blade plates
[6,9, 10].

One study comparing plating of distal femoral fractures
reported that those treated with a locking plate for an acute
distal femoral fracture developed a nonunion at a greater
rate 15.8% vs. 3.4% than those treated with a blade plate
for an acute fracture [15]. Another institution reviewed four
cases of failure of locking plates for acute distal femoral
fractures over one year (18% incidence) and found the cause
of failure to be delayed union/nonunion, early weight bear-
ing, and unacceptable plate placement [16]. This conflicts
with a review of ununited distal femoral fractures in which
the authors observed a higher incidence of distal femoral
fracture nonunions for fractures treated with angled blade
plates compared to locking plates [17]. The material proper-
ties of plates may also influence the healing rates of these
fractures as one study found that 41% of distal femur frac-
tures treated with stainless steel plates resulted in nonunion
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while only 10% of those treated with titanium plates resulted
in nonunion [18]. The feeling that the lower modulus of tita-
nium allowing for more flexibility during healing may be
advantageous. The length of the working length of the plate
and screw construct also may impact healing as one study
demonstrated that it was less likely for locking plates with a
length of > 9 holes to fail than shorter plates for distal femur
fractures [19]. Our study differs from these in that we report
on use of these implants for established nonunions, rather
than acute fractures.

Patients treated for distal femoral nonunions have com-
parable functional outcomes to patients treated for acute
distal femur fractures as long as union is achieved [20].
Another study reported that age should not be a factor to
decide against surgical treatment of distal femur fractures
as elderly patients treated with modern operative techniques
experience good clinical and radiographic outcomes when
compared to younger patients [21]. A systematic review of
distal femoral fracture nonunions determined that the most
common treatment for this complication is fixed-angle plat-
ing with cancellous autografting, with union achieved under
this method in 75 out of 77 cases (97.4%) [17]. Our report
of 31 patients confirms these conclusions, with all but one
patient ultimately achieving union. We feel the conclusions
from the current study contribute to a more comprehensive
understanding of outcomes of patients undergoing surgical
treatment of distal metaphyseal femoral fracture nonunion
with fixed-angle implants by including patient-reported
functional outcomes. In comparison, one paper that investi-
gated treatment techniques of distal tibia fracture nonunions
also recommended fixed-angle plating as this method led
to high union rates and low complication rates with union
achieved in 36 out of 37 cases reported (97.3%) [22].

This study has several limitations, including the distri-
bution of implant type. In the population tested, the major-
ity of distal metaphyseal femoral fracture nonunions were
treated with a locking plate or blade plate. We do not have
a comparison group of similar injuries treated with nails.
Also, this distribution restricted our ability to run statistical
analyses comparing the two types of fixed-angle plates. A
larger sample size with a more even distribution of implant
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would help to compare outcomes more accurately by implant
type. Furthermore, there are large standard deviations for
the SMFA index scores meaning that there is a large spread
of the patients’ SMFA scores at one-year follow-up. This
limitation could also be remedied with a larger sample size,
as a greater number of patients could produce more accurate
mean values and therefore a more accurate comparison of
mean values.

In conclusion, the strategy of using fixed-angle plating
with autogenous iliac crest autograft for a distal metaphy-
seal femoral nonunion is a successful one. There is a great
healing rate with a low complication profile. Clinical and
functional results demonstrate improvement from baseline.
Surgeons should feel confident in the use of this algorithm
when treating these complex injuries.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00590-022-03366-0.
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