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ABSTRACT

BACKGROUND: Tibial plateau fractures (TPF) are common and account for up to 1% of all fractures. The most unfavor-
able results of their treatment occur with nonunion, malunion, and malunion of TPF fractures. Unfavorable functional results
of treatment are due to the occurrence of stiffness in the joint, the development of post-traumatic osteoarthritis, instability in
the joint and the presence of infectious complications. In this case, there are indications for surgical treatment of intraarticular
fractures of TPF.

AIM: to evaluate long-term results and factors leading to knee arthroplasty after reconstructive surgery for post-traumatic
deformities of the proximal tibial epimetaphysis.

MATERIALS AND METHODS: The long-term (in terms of 5 to 10 years) treatment results were assessed in 46 patients
with malunion of intra-articular fractures of the tibial plateau, operated in the period from 2010 to 2015.The average age of
patients was 47.6+11 years. We considered both cases of neglected conservative treatment (87%) and cases with unsuccessful
surgical fixation (13%).

RESULTS: The KOOS pain score was 75.0 [66.6; 94.0] points, which corresponds to a good result. Satisfactory results were
observed during the examination on the basis of “daily physical activity” (66.1 [51.5; 85.3] points) and on the basis of “symp-
toms and stiffness” (65.4 [53.6; 86.0] points). Average scores for the attribute “physical activity while playing sports, games
and entertainment” and for the attribute “quality of life” — 53.75 [25.0; 81.0] and 53.8 [25.0; 81.0] points, respectively, were
assessed as unsatisfactory. In terms of up to 10 years, 5 out of 46 patients (10.9%) underwent knee arthroplasty. A statisti-
cally significant relationship was determined between the varus deformity more than 3° persisting after reconstructive surgery
(r=0.664, p <0.0001), the time period between injury and reconstructive surgery (r=0.262, p=0.007) and the appearance of
indications for TKA.

CONCLUSION:- The study revealed a statistically significant direct correlation relationships between persisting varus defor-
mity more than 3°, as well as a long time interval between injury and the performed reconstructive surgery with the emergence
of indications for arthroplasty.

Keywords: intra-articular fractures; knee joint; osteotomy; varus deformity; post-traumatic deformity; reconstructive sur-
gery.
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OTpaneHHble pe3yabTaTbl PEKOHCTPYKTUBHbIX
onepauMi npu NOCTTpaBMaTUYECKUX aedopManmax
NpoKcMManbHoro anuMeTtadgusa 6onbliebepLoBom
KOCTM

E.E. Manbiwes, A.A. 3bikuH, P.0. Topbatos, A.M. TpudoHos, T.B. UnnapuoHoBsa

[pUBOMKCKUIA cCnes0BaTENbCKIUIA MeAMUUMHCKUIA yHuBepeuTeT, Huxunin Hosropog, Poccus

AHHOTALUNA

06ocHosaHue. [epenoMbl NPOKCUManbHOro oTAena bonbluebepuosoii koctu (NOBBK) yacTo BcTpeyatoTcs M cocTaBnsioT
10 1% ot Bcex nepenomoB. Hanbonee HebnaronpusiTHble pesynbTathl UX SIEHEHUS BO3HWKAKOT NpU HECPOCLUMXCS, HEMPaBMJIb-
HO CpacTaloLLMXCs M HenpaBuibHo cpocluuxcst nepenomax NOBBK. HebnaronpusaTHble GyHKUMOHaNbHbIE pe3ynbTaTbl IeYeHns
0bycnoBneHbl BO3HMKHOBEHWEM TYronofABUXKHOCTW B CyCTaBe, Pa3BUTMEM MOCTTPaBMaTUYECKOr0 0CTE0apTpo3a, HecTabunb-
HOCTbH B CYCTaBe M HanMuMeM UHQEKLMOHHBIX OCTIOXHEHWN. [py1 3TOM BO3HWKAKOT MOKa3aHWA K XUPYPrUYECKOMY JieYeHUio
BHYTpUCycTaBHbIX nepenoMoB [OBEK.

Liene uccnedoeaHus — oLeHWTb OTAANEHHbIE PE3YNbTaThl M BbIABUTL GAKTOPbI, BAUSIILLME HA HEBNAroNpUATHBIA UCXOA,
0nepaTUBHOrO fleYeHUst NaLMEHTOB C NOCTTpaBMaTMYecKUMM fedopMaLmsMi NPOKCUManbHOro anuMeTadm3a bonbLluebeplio-
BOM KOCTW.

Mamepuanel u Memodel. BbinonHeHa oLeHKa 0TaaneHHbIX (B Cpokm oT 5 ao 10 neT) pe3ynbTaToB jiedeHns 46 naumeH-
TOB C HEMPaBMW/IbHBIM CPACcTaHUEM BHYTPUCYCTaBHbIX NEPEIOMOB NaTo 6onbluebepLIOBOl KOCTH, ONepUPOBaHHbIX B NEpUOS,
€ 2010 no 2015 r. CpeHuii Bo3pacT bonbHbIX cocTaBun 47,6111 net. PaccMatpuBanmcb Kak Cyyaum 3anyLLeHHOr0 KOHCepBa-
TUBHOTO NleyeHus (87%), TaK W ciyyam ¢ HeyaadyHoW onepaTtuBHoi dukcaumeii (13%).

Pesynsmamei. OueHka B Kateropun «6onb» no wkane KOOS (Knee Injuries and Osteoarthritis Outcome Score) cocTa-
Buna 75,0 [66,6; 94,0] bannos, 4To COOTBETCTBYET XOpOLUEMY pe3ynbTaTy. YA0BNeTBOpUTENbHbIE Pe3ysbTaTbl Habnwaanm
npu obcnefoBaHUM N0 NPU3HAKY «exeHeBHas Guanyeckas akTMBHOCTb» (66,1 [51,5; 85,3] banna) n no npusHaky «cumnTo-
Mbl 1 TYronofBWXHoCTb» (65,4 [53,6; 86,0] 6anna). bannbl no NpusHaky «puU3nyecKas aKTUBHOCTb MPU 3aHATUSX CMIOPTOM,
UrpaMu 1 pasB/IeYEHMAX» U MO NMPU3HAKY «KAuecTBO MM3HW» ObIK OLieHEHbI Kak HeynoBneTBopuTenbHble (53,75 [25,0; 81,0]
n 53,8 [25,0; 81,0] 6anna cooTBeTcTBEHHO). B cpokmn fo 10 net y 5 u3 46 naumnenTos (10,9%) bbin0 BbINOAHEHO 3HAONPOTE-
31poBaHMe KONEeHHOro cycTaBa. B pe3ynbrate uccnefoBaHus BbisiBNIeHa CTATUCTUYECKM 3HAUYMMas NpsiMast KOPpensuMoHHas
B3aMMOCBSI3b MeX[y COXpaHsioLLlencs BapycHoi aedopMaumein bonee 3° (r=0,664, p <0,0001), a TakKe BAMTENbHLIM Bpe-
MEHHbIM MHTEPBaNIOM MeXy TPaBMOI 1 NPOBeAEHHON PEKOHCTPYKTUBHOM onepaumei (r=0,262, p=0,007) ¢ BO3HUKHOBEHMEM
MOKa3aHW! K 3HA0NPOTE3UPOBAHMIO.

3aknioueHue. Pe3ynbTaThl NPOBELEHHOr0 HAMM aHaNN3a XUPYPruYECKOro NeYeHUs NOCeACTBUIA BHYTPUCYCTaBHBIX Nepe-
NIOMOB MPOKCUManbHOro oTAeNa bosbLuebepLoBOi KOCTM MO3BONUIM BbISBUTL B3aUMOCBA3b MEX/Y COXpaHSAloLLEeNCs Bapyc-
HOM pedopMaLmen 0CU HUDKHEN KOHeYHocT bonee 3°, ASINTENbHBIM BPEMEHHBIM MHTEPBANIOM MEXAY TPaBMOW U PEKOH-
CTPYKTUBHO-BOCCTAHOBUTENbHOM OMepaLyeli M HeobXoAMMOCTbIO 3HA0NPOTE3UPOBaHNSA KOJIEHHOIO CyCTaBa.

KnioueBble cnoBa: BHyTPUCYCTaBHbIE NEPENOMbl; KONEHHbIN CYCTaB; 0CTEOTOMMS; BapycHasi AedopMaLms; NoCTTpaBMaTh-
yecKas AedopMaLms; PEKOHCTPYKTUBHAS onepauys.
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OPUTHAJTBHBIE MCCIELOBAHIA

BACKGROUND

Tibial plateau fractures (TPFs) are severe injuries of the
lower extremities and account for 1%-3% of all skeletal
fractures and 6%-12% of all intra-articular fractures [1].
Surgical treatment of intra-articular TPFs requires an ex-
traordinary approach in surgery [2]. Fracture reduction is
a difficult task even for an experienced surgeon, and soft
tissues are intolerant of careless and massive dissec-
tion [3]. Improper restoration of the articular surface of
the tibial plateau and limb axis results in early arthrosis.
According to various estimates, the prevalence of post-
traumatic osteoarthritis after intra-articular TPFs reaches
30%. Moreover, the most unfavorable outcomes occur with
non-united, maluniting, and malunited bones in TPFs [4].
Unresolved impression of fragments of the articular sur-
face and malunion with angular deformity in the frontal or
sagittal plane lead to knee joint instability, excessive load
on certain parts of the joint, and functional failure [5]. En-
doprosthesis replacement of the knee joint is an effective
method of treatment in such cases; however, it is associ-
ated with technical difficulties in the presence of severe
angular deformities and bone defects [6].

Moreover, the question of an alternative method of treat-
ment in young patients and middle- aged patients always
arises. In such cases, reconstructive corrective surgeries are
necessary to improve the functional state of the knee joint
[7]. The surgical approach and technique depend on the de-
formity type and severity, presence of pre-existing implants,
and condition of the soft tissues. Corrective surgery in such
cases is always difficult; the strategy involves the restoration
of the articular surface congruence, normalization of the limb
axis, and elimination of the knee joint instability.

The study aimed to evaluate long-term outcomes and
identify factors that affect the unfavorable outcomes of the
surgical treatment of patients with post-traumatic deformi-
ties of the proximal tibial epimetaphysis.

MATERIALS AND METHODS

The study was conducted from 2010 to 2020. It included
patients with maluniting, malunited, and nonunion of intra-
articular TPFs, aged 18-70 years. Surgical treatment was
performed in the traumatology and orthopedic department
of the Institute of Traumatology and Orthopedics of the
Privolzhsky Research Medical University of the Ministry of
Health of Russia.

The treatment outcomes of 46 patients who underwent
reconstructive and restorative treatment of proximal tibial
fractures from 2010 to 2015 were analyzed. The mean age
of the patients was 47.6+11 years. The study included pa-
tients with neglected conservative treatment (87%, n=40)
and patients with unsuccessful surgical fixation (13%, n=6)
of a TPF. The period from injury to reconstructive surgery
was 10-72 weeks.
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In 60% of the cases (n=28), abnormal union of frac-
tures was noted with up to 16 weeks after injury. Six (13%)
patients with malunion of medial condylar fractures and
25 (54%) patients with lateral condylar fractures were
treated. Moreover, 15 (33%) patients received treatment for
type C bicondylar fractures with malunion according to the
AO/ASIF classification. Of these patients, eight had varus
deformity and seven had valgus deformity of the limb axis.
The anatomical femorotibial angle according to radiographs
before treatment was 160°-194°. Two types of osteotomies
(intra-articular and extra-articular) were used to correct the
position of osteocartilaginous fragments. Patients became
active after 48 h. Axial load during intra-articular osteotomy
was excluded for 10-12 weeks; with extra-articular oste-
otomy, the axial load was limited for 8-12 weeks, followed
by its gradual increase.

Long-term outcomes were followed for 7.5 [5-10] years
after surgery. The treatment outcomes were evaluated based
on X-ray imaging, clinical examination, and questionnaire
survey using the modified Knee Injuries and Osteoarthritis
Outcome Score (KOOS) scale. The outcomes were assessed
as excellent with a score of >85 points, good with 84-70,
satisfactory with 69-60, and unsatisfactory with <60.

The study was conducted in accordance with the Dec-
laration of Helsinki (adopted in June 1964 in Helsinki, Fin-
land, and revised in October 2000 in Edinburgh, Scotland)
and was approved by the Ethics Committee of the Privol-
zhsky Research Medical University of the Ministry of Health
of Russia (minutes of the Local Ethics Committee of the
Privolzhsky Research Medical University of the Ministry of
Health of Russia No. 2 dated 11/05/2012). Informed consent
for study participation was obtained from each patient.

Surgical technique. In the case of valgus deformity,
intra-articular osteotomy of displaced osteocartilaginous
fragments with bone defect replacement with an allograft
and fixation with locking compression plate proximal tibia
plate was most often performed (n=25) (Fig. 1).

With limited impressions of the posterocentral sections
of the lateral condyle of the tibia, a corrective osteotomy
was performed from the lateral approach along the edge
of the external collateral ligament with its isolation and ex-
ternal release. Fixation was performed with stress-locked
wires or a fragment of the foot plate. Such surgeries were
performed in 7 (15%) patients. Moreover, in 3 (7%) cases,
we used an original method of replacing an osteocartilagi-
nous defect of the proximal tibia with an autograft from
the posterior sections of the lateral femoral condyle, which
showed high efficiency and allowed complete restoration of
the knee joint function at a level that ensured the patient’s
sports loads.

In the case of long-term damage of the medial condyle
and varus deformity of the tibia, intra-articular osteotomy
was performed with bone defect replacement and fixation
with a TomoFix plate (DePuy-Synthes, Switzerland). These
surgeries were performed in 8 (17%) patients.
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Figure. Radiographs of the knee joint of a 65-year-old female patient: a, b — on admission: malunion of the proximal tibia fracture.
On radiographs of the knee, valgus deformity with impression of the lateral condyle of the tibia was determined; ¢, d — intra-articular
osteotomy of the posterior and central part of the lateral condyle was performed, osteotomy and reduction of the osteochondral fragment,
filling of the bone defect formed during the elevation of the articular surface with an allograft, fixation with an LCP PTP. The congruity of
the articular surface was restored, the deformity was corrected.

In cases of bicondylar fractures, the surgical treatment
was determined by the type of deformity, while we performed
both isolated intra-articular and extra-articular osteotomies.
In the case of improper consolidation of bicondylar fractures
with the displacement of the medial part of the joint, or with
the lateral part impression, corrective osteotomies were per-
formed from two approaches with two-plate fixation. Such
surgeries were performed in 7 (15%) patients.

In 1 (2%) case of nonunion with severe chronic varus de-
formity of the proximal tibia, a distraction apparatus for ex-
ternal fixation was used and internal osteosynthesis of bone
fragments was performed sequentially.

Data processing. Statistica 10.0 program (StatSoft, USA)
was used for statistical processing of collected data. Statis-
tical hypotheses were tested using nonparametric criteria.
Median (Me) and 25th and 75th percentiles were used. Inde-
pendent samples were compared using the Mann—-Whitney
test, x* with Yates correction, and Fisher's exact test. The
Wilcoxon test was used to assess the dynamics of indicators
during follow-up. The correlation study was performed ac-
cording to the Spearman method (r).

RESULTS

The functional outcomes of surgical treatment were
evaluated according to the international KOOS scale. The
“pain” score was 75.0 [66.6; 94.0] points, which corre-
sponded to good outcomes. Satisfactory outcomes were
obtained during the examination on the aspect of “daily
physical activity” (66.1 [51.5; 85.3] points) and “symptoms

DOl https://doiorg/10.17816/vt083921

and stiffness” (65.4 [53.6; 86.0] points). The average scores
on “physical activity in sports, games, and entertainment”
and on the “quality of life” were 53.75 [25.0; 81.0] and 53.8
[25.0; 81.0] points, respectively, which were rated as poor
because most of the patients had progressive post-trau-
matic osteoarthritis and an active lifestyle before knee joint
injury, and their function could not be restored to pre-injury
levels because of surgical treatment. The range of motion,
except for the case of arthrodesis of the knee joint, was up
to 108.7° [90.0°; 130.0°] for flexion and 2.8° [0.0°; 5.0°] for
extension, which corresponds to good and excellent out-
comes. A purulent-septic complication was registered in
1 (2%) female patient with concomitant diabetes mellitus
and morbid obesity.

During the follow-up period of 5-10 years, 5 of 46 (10.9%)
patients underwent total knee replacement (TKR). Indications
for endoprosthesis replacement were functional disorders in
the knee joint (Table).

A significant direct correlation (r=0.262, p=0.007) was
found in the period between injury and surgery and occur-
rence of indications for endoprosthesis replacement. The
interval between injury and surgery was 35.2 [24.0; 48.0]
weeks in patients who required further knee arthroplasty and
13.5 [12.0; 14.0] weeks in patients who did not have indica-
tions for joint replacement.

A correlation was also noted between the occurrence of in-
dications for endoprosthesis replacement and varus deformi-
ty remaining after reconstructive surgery (r=0.321; p=0.001),
whereas the correlation coefficient value increases by two
times in the presence of varus deformity of >3° (r=0.664,
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Table. Comparison of the functional state of the knee joint in patients, Me [25p; 75p] (Mann—-Whitney criterium)

Indications for TKR

No indications for TKR

Index (n=5) (n=40) p
KOS symptoms, points 287 [10.7; 50.0] 737 [60.7; 92.9] 0.0046
KOOS pain, points s 4 [30.6; 50.0] 835 [72.2; 94.4] 0.0136
KOOS daily physical activity, points 35.5[28.1; 50.0] 76.4 68.0; 95.6] 0.0017
ggrgispgzj'Zf]'t:rctta"l’r']tm:e:;:‘at‘s"”g sports, 15.0 [5.0; 20.0] 52.3 [20.0; 85.0] 0.0135
KOOS quality of life, points 25.2 [12.5; 30.0] 61.11[43.8; 87.5] 0.0122
Flexion, ° 86.0 [80.0; 100.0] 116.2 [110.0; 130.0] 0.0035
Extension deficit, ° 10.0 [10.0; 10.0] 1.810.0; 2.5] 0.0016

Note: TKR —total knee replacement; KOOS — Knee Injuries and Osteoarthritis Outcome Score; p —statistically significant calculation.

p <0.0001). Varus deformity could not be completely elimi-
nated in 8 of 46 (17.4%) patients, whereas varus deformity
of >3° was registered in 3 of 8 (6.5%) patients.

Moreover, valgus deformity did not show significant rela-
tionships (p > 0.05) with the occurrence of indications for TKR.
In addition, no significant relationship (p > 0.05) was found
between the patient’s age and the need for endoprosthesis
replacement after reconstructive and restorative surgeries.

DISCUSSION

Abnormal union of tibial condylar fractures may result
from advanced cases treated with a plaster cast; surgical
treatment, when satisfactory reposition and fixation of the
fracture was not achieved; and early axial load leading to
secondary displacement of osteocartilaginous fragments.

In our opinion, indications for surgery are pronounced
deformities of the proximal tibia in all three planes, residual
intra-articular deformities causing significant discongruence
of the articular surfaces, pronounced axial deformities, and
significant instability of the knee joint caused by depression
of the intra-articular fragments.

In a study of factors that influence poor treatment out-
comes of patients who underwent corrective osteotomy, a
correlation was found between a limited range of motion in
the knee joint and a poor treatment outcome of a patient
who received intra-articular osteotomy of the tibia [8]. A
similar conclusion was made by Christiano et al. (2020). The
investigators have established that patients with a history of
corrective osteotomy for TPF malunion often have a limited
range of motion in the knee joint, which led to poor clinical
outcomes [9].

In a study by Sundararajan et al. (2016), six patients
had undercorrection of varus deformity by >5° with a mean
value of 9.06° (range 6°-14.9°). However, despite insuffi-
cient correction, all patients had excellent to good functional
outcomes [10]. On the contrary, in our study, incompletely
corrected varus deformity of >3° in some patients led to poor
functional outcomes and conversion to TKR.

DAl https://doiorg/1017816/vta83921

Given that osteotomies are performed in the area with
spongy bone tissue, structured grafts and plates with an-
gular stability of screws are required to achieve stable fixa-
tion. Post-traumatic bone defects and bone tissue defects
after deformity correction, in almost all cases, require plas-
tic replacement [11]. In the case of the knee joint instability,
ligamentous apparatus reconstruction should be performed
after removal of depressed intra-articular fragments. With
pronounced retraction and displacement along the length, the
use of external fixation devices is reasonable. Post-traumatic
osteoarthritis with persistent pain is more common with sig-
nificant discongruence of the articular surface or severe de-
formity, especially varus. The early restoration of movements
in the knee joint with long-term limitation of axial load is
necessary to achieve good outcomes [7].

We believe that a carefully planned surgical correction,
corresponding to the type and severity of the deformity, and
the quality of the bone in the case of intra-articular TPF
malunion, provides good treatment outcomes in most pa-
tients, prevents the progression of post-traumatic arthrosis
by eliminating the discongruence of the articular surfaces,
restores the limb axis, and stabilizes the knee joint. Surgi-
cal reconstruction in the case of malunion of tibial condylar
fractures is technically complex, requires careful planning
and extraordinary treatment approaches to obtain good func-
tional outcomes, prevents or delays endoprosthetics surgery,
or creates favorable conditions for it.

When planning the surgical treatment of the conse-
quences of intra-articular fractures of the proximal tibia,
not only all of the above factors should be considered, but
also, based on the study findings, the individual anatomical
aspects of the patient to achieve a normal mechanical axis
of the lower limb.

CONCLUSION

When evaluating the long-term outcomes of surgical
treatment of patients who underwent reconstructive and
restorative surgeries for post-traumatic deformities of the
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proximal tibial epimetaphysis, all patients achieved good
outcomes based on the KOOS scale on “pain,” satisfactory
outcomes on the “daily physical activity” and “symptoms and
stiffness” scales, and poor outcomes on the “physical activ-
ity in sports, games, and entertainment” and “quality of life”
scales. The range of motion in the knee joint in all patients
was up to 109° [90°; 130°] in flexion and 3° [0°; 5°] in ex-
tension, which corresponds to good and excellent outcomes.

The study revealed a significant direct correlation be-
tween persistent varus deformity and a long time interval
from injury to reconstructive surgery, with unfavorable func-
tional outcomes after surgery on the proximal tibia and indi-
cations for endoprosthesis replacement.
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