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CASE SERIES
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Abstract

Purpose: This retrospective case series assessed the results of a treatment protocol for patients with infected para-
articular knee nonunions. The aim was to demonstrate that knee function and quality-of-life (QoL) can be improved.
Case series: Between January 2001 and December 2011, eleven patients with septic proximal tibial nonunion and seven
with septic distal femoral nonunion were managed at our institution. The treatment protocol included extensive debride-
ment, skeletal stabilization, culture-specific antibiotic administration, and soft-tissue and bone-deficit reconstruction.
Knee function was evaluated with the Knee Society Score (KSS) while the Knee injury and Osteoarthritis Outcome
Score (KOOS) and SF-12 were used for QoL assessment at a mean follow-up of 37.2 (range: 12-149) months.
Seventeen nonunions healed at a mean of 21.9 weeks. One patient needed above knee amputation. Knee Society func-
tion and knee scores were improved significantly, from 16.7 and 33.8, to 75.0 and 84.9 respectively (p <0.001). KOOS
outcome and SF-12 physical and mental components scores confirmed the QoL improvement.

Conclusions: Staged management can improve QoL and functional knee outcome. HIPPOKRATIA 2018, 22(4): 183-187.

Keywords: Nonunion, infection, knee, bone defect, quality of life, circular frame

Corresponding Author: Konstantinos N Malizos, Department of Orthopaedic Surgery and Musculoskeletal Trauma, Medical School, Univer-
sity of Thessaly, 3 University Street, Biopolis, 41110 Larissa, Greece, tel +302413501199, Fax +302413501011, e-mail: malizos@med.uth.gr

Introduction

Infected para-articular nonunions around the knee
joint constitute a severe and debilitating problem for the
patient and a challenge for the surgeon. Sepsis, small
and usually osteopenic juxta-articular bone fragments,
insufficient bone and soft tissue stock, and irreversible
damage to the articular cartilage and the tendino-liga-
mentous compartment are the major drawbacks. Even the
lower limb viability might be at risk. So far, published
reports regarding the operative management have been
rare. Different options have been proposed such as plate
osteosynthesis', cortical allograft struts*, external fixa-
tion and distraction osteogenesis*® with variable success
rates. However, none of these treatments has adequately
addressed all of the coexisting problems simultaneously.

Patzakis and Zalavras have popularized a staged surgical
protocol® for the infected diaphyseal counterparts. These can
be successfully managed by combining extensive surgical
debridement, use of antibiotics both locally and systemically,
primary wound coverage or flap-assisted closure, stabiliza-
tion preferably with external fixation and finally addressing
any residual malalignment with limb reconstruction.

The research question in this study was whether a
staged surgical intervention using a consistent treatment
protocol improves the knee functionality and quality-of-
life (QoL).

Case series

This is a retrospective case series that included eighteen
patients (14 men, four women) with an average age of
46.9 (range: 16-79) years who were treated at the Univer-
sity Hospital of Larissa between 2001 and 2011. Eleven
cases involved the proximal tibia and seven the distal
femur. Fracture was the main cause for the nonunions
(13 road traffic accidents, four falls from a height, one
sports injury). Seven were closed wounds and eleven
were open. Six proximal tibia fractures were classified
as Schatzker VI, two as Schatzker V, two as Schatzker
IV, and one as Schatzker III. Five distal femoral frac-
tures were extra-articular, one partial articular, and one
complete articular. Initially, 15 patients were treated with
internal (plate/screws) and three with external fixation.
There was an average of 3.5 (range: 1-12) previous surgi-
cal interventions, including the initial fixation. The mean
duration between the initial injury and the presentation
at our institution was 12.1 (range: 3-48) months. During
hospitalization, all patients received standards of care as
per institutional guidelines; thus, Ethical Committee ap-
proval was waived.

Operative technique
Previous incisions were used and extended if re-
quired. Loose implants were removed and nonunion was
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debrided until viable bleeding surface was exposed. From
the infected site, specimens (minimum five) were sub-
mitted for cultures, histological, and molecular analysis.
Vancomycin and Imipenem powder-loaded poly-meth-
yl-methacrylate (PMMA) spacers were locally applied.
Postoperatively all patients received culture specific in-
travenous antibiotics for two weeks and subsequently
oral antibiotics for 2-3 weeks. Debridement was repeated
every three days until no signs of infection were evident.
A new antibiotic-spacer was put and then covered with
a sterile sealant to secure an antibiotic rich pouch, until
definite closure.

Osseous and soft tissue deficits were managed at the
last stage. Bony defects were filled with autogenous iliac
bone graft. If the articular surface reconstruction was
deemed impossible, cadaveric, total or partial osteo-ar-
ticular allograft placement was performed instead. Where
the joint surface was reconstructable, external frame fix-
ation or plating was applied. Bone stock, intraoperative
morphology after final debridement, presence of osteo-
porosis, soft tissue problems and necessity for malalign-
ment correction were the determinant factors as to which
of the two options was the most suitable. Soft tissue cov-
erage was attained either with a split-thickness skin graft
or combined with medial gastrocnemius flap. Residual
malalignment correction was performed concurrently or
with postoperative manipulation and adjustment using
the circular frames (Figure 1 A, B).

Rehabilitation included quadriceps muscle isometric
exercises, passive motion as tolerated and active range of
movement (ROM) by the end of the first week. Progres-
sive weight bearing was allowed when bony healing was
radiographically evident. External frames were removed
when the bone union was achieved, followed by gradu-
ally increasing protected weight bearing for one month
(Figure 1 C).

Outcome

In our series, four nonunions were managed in two
stages, while the other 14 were managed in more stages.
External fixation was applied in ten patients, five with
Taylor Spatial Frame (TSF, Smith and Nephew Inc.,
Memphis, USA), four with Ilizarov System (Smith and
Nephew Inc., Memphis, USA), and one with monolat-
eral external fixator (Orthofix SRL, Verona, Italy). Four
patients underwent reconstruction with full-thickness
cadaveric allograft and internal fixation, three with plate
osteosynthesis and one had above knee amputation. Me-
dial gastrocnemius muscular flap was transferred in five
cases.

Multiple organisms were isolated in the specimens
derived from four patients, whereas a single microbe
was detected in the specimens of the other 14 patients.
Staphylococcus Aureus was the most common cultured
microorganism isolated in 13 patients, Staphylococcus
epidermidis in four patients, Klebsiella pneumoniae, Pro-
teus mirabilis, Enterococcus faecalis and Acinetobacter
baumannii in two patients, and Pseudomonas aeruginosa,

Citrobacter Freundii, Enterococcus faecium in one pa-
tient.

The patients were submitted to a mean of 3.5 (range:
1-7) operations. The mean hospitalization was 33.3
(range: 7-82) days and the external fixation devices were
retained for a mean time of 4.9 (range: 3.5-7) months.
Four patients with the Ilizarov apparatus and five with
the TSF were submitted to gradual correction for length,
angular, and rotational deformities. There was a minor
Leg Length Discrepancy (LLD) in four patients (three
patients 1-2 cm, one patient 3 cm). All muscular flaps
survived with no subsequent complications for the sur-
rounding soft tissues. Infection was eradicated and os-
seous union was achieved in all patients. The mean time
to radiographic and clinical bony union was 5.47 (range:
3-7) months.

The most common complication was deep infection
recurrence in three patients. They were revised using the
same protocol. Arthrofibrosis in two patients was man-
aged with an arthroscopic release. Total knee arthroplasty
(TKA) was performed in two patients during the follow-
up period. One fracture of the cadaveric allograft was
treated with custom-made TKA while the primary rea-
sons for the other one were intractable pain, inefficient
joint function, and severe ambulatory problems.

Follow-up visits were individualized according to
postoperative progress. The average duration was 37.2
(range: 12-149) months. The clinical and functional re-
sult was assessed with measurement of the ROM and
Knee Society Rating Score (KSS)”* preoperatively and
at the latest follow-up. KSS has two parts, the function
and the knee assessment score”®. The impact on QoL was
assessed with the Short Form-12 (SF-12)° and the Knee
Injury and Osteoarthritis Outcome Score (KOOS)'". The
SF-12 includes the Physical Component Summary-12
(PCS-12) and the Mental Component Summary-12
(MCS-12) scores’. Development of osteoarthritis was
evaluated with anteroposterior and lateral radiographs
of the affected knee joint and classified according to the
Kellgren-Lawrence (K/L) grading scale''.

Statistics were obtained using the SPSS Statistics for
Windows, Version 17.0 (SPSS Inc., Chicago, IL, USA).
Before applying parametric methods (Student’s t-test),
the data was checked for normality. If there was a sig-
nificant deviation from normality, then a non-parametric
test (Wilcoxon signed-rank test) was used. The mean
and standard deviation for baseline characteristics were
calculated. Statistical comparisons between pre and post-
operative ROM and SF-12 scores were made using two-
tailed Student’s t-test with a level of significance p <0.05.
For KSS, and KOOS scores Wilcoxon signed-rank test
was used.

Preoperatively all patients presented limitation of
knee flexion-extension. Mean knee ROM was 31.5°
(range: 4-81°). The mean preoperative KSS function
and knee scores were 17.8 and 33.6, respectively. SF-12
(PCS and MCS) scores were 29 and 36.4, respectively,
and KOOS was 28.9.
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Figure 1: Radiographs in a male patient aged 31 managed for a septic tibial plateau nonunion, a) failed open reduction internal
fixation, anteroposterior (AP) view, b) AP view of Taylor Spatial Frame used for skeletal stabilization and malalignment cor-
rection following debridement, and c) AP view of the knee joint at the last follow-up showing complete bony union.

Postoperatively, the mean knee ROM was 81.7°
(range: 4-118°), while preoperative was 31.5°(p <0.001).
The mean postoperative KSS function and knee subscales
were improved to 74.7 and 85.1, respectively, which
was a statistically significant improvement compared to
preoperative scores (p <0.001). The mean SF-12 (PCS)
score was 43.8 (p <0.001). The mean SF-12 (MCS) was
improved to 55.4 (p <0.001). Likewise, postoperative
KOOS was increased to 71.1 (p <0.001). Nine patients
(seven proximal tibia cases, two distal femur cases) were
able to return back to their previous occupations without
any restrictions, and three (one proximal tibia case, two
distal femur case) with moderate restrictions.

Radiographic evaluation at the last follow-up exami-
nation on 15 patients, who did not require knee arthro-
plasty during the follow-up period, classified three pa-
tients as grade I, three patients as grade 11, six patients as
grade III, and three patients as grade IV K/L.

Discussion

Para-articular infected nonunions around the knee
constitute a rare subset of complications. Similar reports
in the literature are scarce, and their true incidence is
yet to be defined. The surgeon must overcome technical
obstacles like bone loss, inadequate soft-tissue cover-
age, scarring, alignment deformities, and possible LLD.
Moreover, long-term consequences like post-traumatic
osteoarthritis and stiffness should be anticipated. These
all adversely affect knee functionality and sometimes
the likelihood of knee salvage. Proper osseous reduction
with respect to anatomy and soft tissues, stable fixation
and malalignment correction allow for early mobiliza-
tion, enhanced rehabilitation, reduced morbidity and bet-
ter ROM'2,

Staged management can control sepsis and improve

knee functionality and quality of life. In our series infec-
tion was eliminated in all patients except one. The mean
ROM increased to 50.2° but was not restored to normal.
The mean KSS function and knee assessment scores in-
creased to 41.1 and 67.3, respectively. QoL indicators,
KOOS, SF-12 PCS, and MCS, increased on average 42.2,
14.8, and 19.0, respectively. These observations are sta-
tistically significant.

Kabata et al reported management of seven juxta-
articular nonunions (five septic and two aseptic) with
Distraction Osteogenesis (DO) apparatus*. Four were
located in the distal femur, one in the proximal tibia and
two in the distal tibia. Osseous union without angular
deformities or LLD >1 cm and excellent pain reduction
were achieved in all patients without recurrent infections.
We underline the significant postoperative ROM restric-
tion due to long-term immobilization and pain. Only two
patients achieved postoperative improving ROM com-
pared to the pre-injury ROM. Two patients had limited
postoperative ROM, but were improved compared to the
preoperative ROM, while in three patients the ROM re-
mained unchanged. Saridis et al recorded similar results
with the Ilizarov method®. Bony union, full weight bear-
ing, and infection eradication were accomplished in all
13 patients with septic distal femoral nonunions. Only in
one case LLD was more than 2.5 cm. In our series, exter-
nal fixation with the ability for distraction osteogenesis
was not the only choice. Plating and cadaveric allografts
were also used. The decision was based on bone and soft
tissue deficit, residual bone stock, and the ability to re-
construct the articular surface. LLD more than 2 cm was
noted in one patient. Overall, mean ROM was improved
especially for the tibial cases. However, that was not the
case for the femoral counterparts.

At the end of the follow-up period, KSS subscale
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scores confirmed functional improvement at a mean fol-
low-up of 37 months. In the case series reported by Gard-
ner et al, 16 patients with aseptic proximal tibia nonunion
were treated according to a consistent approach includ-
ing debridement, deformity correction, lateral plating,
tensioning and compression, lag screws and bone graft-
ing'®. At a mean follow-up of 39 months, the KSS func-
tion and knee scores were 87.4 and 89.4, respectively.
Gardner et al applied a similar management algorithm to
treat 31 distal femoral nonunions'*. At a mean follow-up
of 41.5 months the KSS function and assessment scores
were 61.2 and 78.3, respectively. Our series involved
both proximal tibia and distal femoral infected nonunions
with intra-articular extension. The results were function-
ally superior to both groups, while knee assessment score
was superior only to the distal femoral nonunion group.

Our study is the first research that reports health-
related QoL of patients with septic para-articular knee
nonunions. Brinker et al evaluated the devastating effects
of tibial nonunion on health-related QoL'". They assessed
243 tibial shaft nonunions in 237 patients over 10 years.
Infection was present in 18 % of all cases. The SF-12
PCS averaged 27.4 £ 6.7. In our cases, the preliminary
PCS was marginally better, but significantly worse com-
pared to patients with knee injuries like meniscus lesion
(mean 37.9), anterior cruciate ligament rupture (mean
41.2), cartilage injury (mean 36.2) or patellar instability
(mean 40.4)'6. At the final follow-up, the upgraded mean
PCS score of 43.8 was indicative of fewer limitations in
self-care and physical activities and positive health sta-
tus improvement. On the contrary, our initial MCS score
was considerably worse compared to the tibia diaphysis
nonunion group (42.3 = 7.1)'%. However, at the end, ame-
lioration of the SF-12 MCS score displayed emotional
stability with minimal restrictions in vitality and social
function.

The subjective ability to accomplish simple daily
tasks is clearly designated with the KOOS scale. In a
retrospective study of 23 intra-articular and bicondylar
tibial plateau fractures, Jansen et al'” estimated that the
average KOOS score was 67.8 on a mean follow-up of
67 months. Considering the infected counterparts, where
the average KOOS was 71.1 on a mean follow-up of 37.2
months, timely intervention can improve quality of life in
a shorter period of time.

Considerable post-traumatic arthritis was noticed,
even though the patients were well in terms of pain and
ROM. Eleven patients had moderate to severe osteoar-
thritis. Progressive osteoarthritis is the habitual outcome
of infected nonunions approximating the knee joint. Ac-
cording to Wasserstein et al'¥, tibial plateau fracture sur-
gery increases the likelihood for a total knee arthroplasty
5.3 times. Within ten years after the initial trauma, 7.3
% of the patients will have been sustained a knee recon-
struction. Whereas supracondylar-intercondylar distal
femoral fractures managed operatively to demonstrate
radiographic changes of post-traumatic arthritis up to
50 %, with minimal risk of TKA'. Though degenerative

changes were detected in every case in our series, only
two patients (11 %) underwent arthroplasty during the
follow-up period. Some authors have supported primary
long-term arthroplasty for para-articular nonunions®**'.
By preserving knee functionality, pain diminution, early
ambulation, and ROM can be enhanced. Nevertheless,
we must be cautious with post-infected patients. A pos-
sible failure or a subsequent infectious relapse can be
associated with severe complications (e.g., stiffness, ex-
tensor system avulsion, instability) and may end up with
above knee amputation. In uncomplicated cases the mean
flexion gains approximates 6°*%. So far in the literature,
there is not sufficient evidence to support what is the op-
timum time for the knee arthroplasty to be performed.
Staged management can significantly reduce the risk of
re-infection; however, there are reports that latent infec-
tions can become active even after a year®.

The main limitations of current series are their small
cohort of patients and the retrospective data gathering
and analysis. Moreover, literature relevant to infected
para-articular nonunions of the knee is extremely inad-
equate and existing reports focus mainly on patients with
uncomplicated nonunions in the meta-epiphyseal region.
Thus, it is challenging to attempt direct comparison to
similar injuries. Furthermore, although KSS efficacy in
assessing septic nonunions has not been completely de-
termined, it is a validated questionnaire, which analyzes
adequately knee functionality relatively to any subse-
quent axial malformation. Additionally, KOOS and SF-
12 scales provide an in-depth estimation of the patients’
QoL. SF-12 subscales comprehensively indicate the
physical and mental health of the patient, while KOOS
appraises the competence to execute specific everyday
activities.

Noticeable improvement regarding the knee function
and the quality of everyday life was recorded in our case
series. Infected nonunions close to the knee are linked
with detrimental long-term complications. The presented
management protocol was used successfully for the treat-
ment of these problematic and infrequent cases.
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