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Ðåçþìå. Ó ñòàòò³ ïðåäñòàâëåí³ ðåçóëüòàòè äîñë³äæåííÿ âì³ñòó
òðàíñôîðìóþ÷îãî ôàêòîðó ðîñòó β1 (ÒÔÐ-β1) ó çäîðîâèõ, â îñ³á
³ç êîíñîë³äîâàíèìè ïåðåëîìàìè òà õèáíèìè ñóãëîáàìè äîâãèõ
ê³ñòîê. Âñòàíîâëåíî, ùî ó õâîðèõ ³ç ðîçëàäàìè ðåïàðàòèâíî¿
ðåãåíåðàö³¿ äîâãèõ ê³ñòîê íà ôîí³ ã³ïåðãîìîöèñòå¿íåì³¿ ð³âåíü
ÒÔÐ-β1 ñë³ä ðîçãëÿäàòè ÿê îäèí ³ç â³ðîã³äíèõ ÷èííèê³â, ùî
äåòåðì³íóþòü ôîðìóâàííÿ â³òàëüíèõ àáî àâ³òàëüíèõ òèï³â
õèáíèõ ñóãëîá³â òà ¿õ óñêëàäíåíü ó âèãëÿä³ ðåôðàêòóð.

Êëþ÷îâ³ ñëîâà: òðàíñôîðìóþ÷èé
ôàêòîð ðîñòó β1, ã³ïåðãîìîöèñòå¿-
íåì³ÿ, õèáíèé ñóãëîá, ðåôðàêòóðà.

Âñòóï
Âàãîìó ðîëü ó ðåãóëÿö³¿ ðåïàðàòèâíèõ ïðîöåñ³â,

ïðîë³ôåðàö³¿ òà äèôåðåíö³àö³¿ êë³òèí õðÿùîâî¿ ³
ê³ñòêîâî¿ òêàíèí, á³îñèíòåçó òà äåãðàäàö³¿ ìàêðî-
ìîëåêóë åêñòðàöåëþëÿðíîãî ìàòðèêñó â³ä³ãðàº
òðàíñôîðìóþ÷èé ôàêòîð ðîñòó â1 (ÒÔÐ-β1) [1, 3].
Â³í âïëèâàº íà ñòðóêòóðíî-ôóíêö³îíàëüíèé ñòàí
ê³ñòêîâî¿ òêàíèíè, ñòèìóëþº êîëàãåíîóòâîðåííÿ
òà ïðîòåîãë³êàíîâèé ñèíòåç. ÒÔÐ-β1 òðàäèö³éíî
ââàæàþòü àêòèâàòîðîì êë³òèí îñòåîáëàñòè÷íîãî
äèôåðîíó, àëå â³í òàêîæ ìîæå ñòèìóëþâàòè îñòåîê-
ëàñòîãåíåç ³ ïîñèëþâàòè ïðîöåñè ðåçîðáö³¿ ê³ñòêè [4,
6, 7]. Â îñòàíí³ ðîêè ç’ÿñîâàíî, ùî ÒÔÐ-β1 çàëó÷å-
íèé â ïàòîãåíåòè÷í³ ìåõàí³çìè íåãàòèâíîãî âïëèâó
ãîìîöèñòå¿íó òà ê³ñòêîâó òêàíèíó. Â åêñïåðèìåí-
òàëüíèõ óìîâàõ áóëî ïîêàçàíî [1, 2, 5], ùî ñïîâ³ëü-
íåííÿ çàãîºííÿ ïåðåëîìó ñòåãíîâî¿ ê³ñòêè íà ôîí³
ÃÃÖ ðåàë³çóºòüñÿ ÷åðåç ïîðóøåííÿ ðåãóëÿö³¿ ôîð-
ìóâàííÿ îñòåî¿äó âíàñë³äîê çíèæåíî¿ ïðîäóêö³¿
ÒÔÐ-β1 ó ïåðø³ òèæí³ ï³ñëÿ òðàâìè ³ ã³ïåðïðîäóêö³¿
öüîãî ÷èííèêà ó á³ëüø ï³çí³ òåðì³íè. Îòæå, íåäî-
ñòàòíº ï³äâèùåííÿ ÒÔÐ-β1 â ñèðîâàòö³ êðîâ³ íà
ðàíí³õ åòàïàõ ï³ñëÿ ïåðåëîìó òà íàäì³ðíå çðîñòàí-
íÿ éîãî ð³âíÿ íà ï³çí³õ åòàïàõ ìîæå âèÿâèòèñü îä-
íèì ³ç âàãîìèõ îá’ºêòèâíèõ ôàêòîð³â äèñðåïàðàö³¿
äîâãèõ ê³ñòîê ³ â êë³í³÷íèõ óìîâàõ.

Ìåòà äîñë³äæåííÿ
Äîñë³äèòè âì³ñò ÒÔÐ-β1 ó õâîðèõ ³ç õèáíèìè

ñóãëîáàìè äîâãèõ ê³ñòîê íà ôîí³ ã³ïåðãîìîöèñòå¿-
íåì³¿ ³ ïîð³âíÿòè éîãî ç òàêèì â îñ³á ³ç êîíñîë³äî-
âàíèìè ïåðåëîìàìè òà ïðàêòè÷íî çäîðîâèìè îñî-
áàìè; îö³íèòè éîãî ð³âåíü çàëåæíî â³ä íàÿâíîñò³
ðåôðàêòóð òà íåéðîäèñòðîô³÷íîãî ñèíäðîìó.

Ìàòåð³àë ³ ìåòîäè
Îáñòåæåíî 153 õâîðèõ ³ç õèáíèìè ñóãëîáàìè

äîâãèõ ê³ñòîê íà ôîí³ ÃÃÖ, ÿê³ íå ìàëè âñòàíîâëå-

íèõ îá’ºêòèâíèõ òà ÿòðîãåííèõ ÷èííèê³â ïîðóøåíü
ðåïàðàòèâíîãî îñòåîãåíåçó. Ñåðåäí³é â³ê õâîðèõ
ñòàíîâèâ 40,3±0,93 ðîêè, ïðè÷îìó 77,2% ñêëàëè
îñîáè ÷îëîâ³÷î¿ ñòàò³. Çàëåæíî â³ä êë³í³êî-ðåíòãå-
íîëîã³÷íîãî òèïó õèáíîãî ñóãëîáó õâîð³ áóëè ðîç-
ïîä³ëåí³ íà 4 ãðóïè: 1-à ãðóïà - íîðìîïëàñòè÷íèé
òèï (n=27), 2-à ãðóïà – ã³ïåðïëàñòè÷íèé òèï
(n=24), 3-ÿ ãðóïà -  ã³ïîïëàñòè÷íèé òèï (n=50), 4
ãðóïà – àòðîô³÷íèé òèï (n=52). Ðåôðàêòóðè òà
íåéðîäèñòðîô³÷íèé ñèíäðîì â³äì³÷àëèñü ó 24
(15,7%) òà 43 (28,1%) îñ³á, â³äïîâ³äíî. Äî ãðóïè
êîíòðîëþ óâ³éøëè 48 õâîðèõ ç êîíñîë³äîâàíèìè
ä³àô³çàðíèìè ïåðåëîìàìè íà ð³âí³ ñòåãíà ³ ãîì³ë-
êè òà 35 ïðàêòè÷íî çäîðîâèõ îñ³á, ðåïðåçåíòàòèâ-
íèõ çà â³êîì, ñòàòòþ, ëîêàë³çàö³ºþ óøêîäæåííÿ,
÷àñòîòîþ ñóïóòíüî¿ ïàòîëîã³¿.

Âì³ñò ÒÔÐ-β1 âèçíà÷àëè ³ìóíîôåðìåíòíèì
ìåòîäîì çà íàáîðîì «TGF-β1» (Biosource, Europe
S.A.) íà àíàë³çàòîð³ STAT FAX 303/PLUS  â³äïîâ-
³äíî äî ³íñòðóêö³¿ ô³ðìè-âèðîáíèêà. Äëÿ ³ìóíîôåð-
ìåíòíîãî àíàë³çó àë³êâîòè ñèðîâàòêè êðîâ³ â³äáè-
ðàëè â ì³êðîïðîá³ðêè Åðpendorf  ³ äî ïðîâåäåííÿ
àíàë³çó çáåð³ãàëè ïðè -20îÑ.

Ñòàòèñòè÷íèé àíàë³ç ìàòåð³àëó ïðîâîäèâñÿ çà
äîïîìîãîþ ñòàíäàðòíèõ ìåòîä³â ³ç çàñòîñóâàííÿì
ïàêåòó ïðèêëàäíèõ ïðîãðàì «MS Excel XP» òà
«Statistica SPSS 10.0 for Windows» (ë³öåíç³éíèé ¹
305147890). Äëÿ âñòàíîâëåííÿ íîðìàòèâ³â á³îõ³ì³÷-
íèõ ïîêàçíèê³â, çàñòîñîâàíèé ìåòîä ïåðñåíòèë³â
(âèçíà÷àëè ïåðñåíòèë³ Ð5, Ð10, Ð25, Ð50, Ð75, Ð90, Ð95).

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ
Ïðîâåäåíèé ïåðñåíòèëüíèé àíàë³ç ð³âíÿ ÒÔÐ-

β1 ó ïðàêòè÷íî çäîðîâèõ, îñ³á ç êîíñîë³äîâàíèìè
ïåðåëîìàìè òà õâîðèõ ³ç õèáíèìè ñóãëîáàìè âèÿ-
âèâ ïåâí³ â³äì³ííîñò³ (òàáë. 1). Ñåðåäí³é âì³ñò
ÒÔÐ-β1 ó ñèðîâàòö³ ïðàêòè÷íî çäîðîâèõ îñ³á ñòà-
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íîâèâ 17,3 ± 0,51 íã, ä³àïàçîí çíà÷åíü Ð5 - Ð95 ëå-
æàâ ó äîñèòü âóçüêèõ ìåæàõ – 13,9 – 23,6 íã/ìë,
ìåä³àíà ñòàíîâèëà 17,3 íã/ìë ³ â³äïîâ³äàëà ñå-
ðåäí³ì çíà÷åííÿì ïîêàçíèêà. Ãðóïà îñ³á ç êîíñîë-
³äîâàíèìè ïåðåëîìàìè çà ñåðåäí³ì âì³ñòîì ÒÔÐ-
β-1 â ñèðîâàòö³ êðîâ³ òà éîãî ïåðñåíòèëüíèì ðîçïî-
ä³ëîì â³äïîâ³äàëà ïðàêòè÷íî çäîðîâèì îñîáàì.
Ó õâîðèõ ç õèáíèìè ñóãëîáàìè ñåðåäí³é âì³ñò öüî-
ãî öèòîê³íó íå â³äð³çíÿâñÿ â³ä òàêîãî â êîíòðîëüíèõ
ãðóïàõ, íà â³äì³íó â³ä ðåçóëüòàò³â ïåðñåíòèëüíîãî
ðîçïîä³ëó. Âèÿâèëîñÿ, ùî â ãðóï³ õâîðèõ ç õèáíèìè
ñóãëîáàìè ìåä³àíà ³ñòîòíî â³äõèëÿºòüñÿ â³ä ñåðåä-
íüîãî çíà÷åííÿ ³ ñòàíîâèòü 14,5 íã/ìë, à ³íòåðêâàð-
òèëüíèé ³íòåðâàë Ð5–Ð95 – 8,7-37,1 íã/ìë, ùî âêà-
çóº íà íåîäíîð³äí³ñòü äàíî¿ âèá³ðêè.

Òèïîëîã³÷íèé àíàë³ç âì³ñòó ÒÔÐ-β1 ó ñèðî-
âàòö³ êðîâ³ äîçâîëèâ ïîÿñíèòè âèùå íàâåäåí³ ðå-
çóëüòàòè ïåðñåíòèëüíîãî àíàë³çó. Âèÿâèëîñÿ, ùî

ãðóïè õâîðèõ ³ç ð³çíèìè êë³í³êî-ðåíòãåíîëîã³÷íèìè
òèïàìè õèáíèõ ñóãëîá³â ³ñòîòíî â³äð³çíÿëèñÿ ì³æ
ñîáîþ (ðèñ. 1). Òàê, ó õâîðèõ ³ç íîðìîïëàñòè÷íèì
òèïîì ñåðåäí³é âì³ñò ÒÔÐ-β1 ñòàíîâèâ 18,1±0,74 íã/
ìë, ³íòåðêâàðòèëüíèé ³íòåðâàë Ð5 - Ð95 îõîïëþâàâ
çíà÷åííÿ 13,5-25,1 íã/ìë, ìåä³àíà äîð³âíþâàëà 18,1
íã/ìë, ùî çà âñ³ìà õàðàêòåðèñòèêàìè óçãîäæóâàëîñü
³ç ìåòðîëîã³÷íèìè ïàðàìåòðàìè êîíòðîëüíèõ ãðóï.
Ïðè ã³ïåðïëàñòè÷íîìó òèï³ ðåºñòðóâàëèñÿ äîñòîâ³ðíî
á³ëüø âèñîê³ ð³âí³ ÒÔÐ-β1 – ñåðåäí³é âì³ñò ñòàíîâèâ
35,2±1,30 íã/ìë, ³íòåðêâàðòèëüíèé ³íòåðâàë Ð5 - Ð95
– 23,7-45,0 íã/ìë, ìåä³àíà – 35,6 íã/ìë. Ìåòðîëîã³÷í³
ïàðàìåòðè ÒÔÐ-β1 ïðè ã³ïîïëàñòè÷íîìó òà àòðîô³-
÷íîìó òèïàõ áóëè ³íøèìè: ñåðåäí³é âì³ñò ñòàíîâèâ
14,5±0,34 òà 11,0±0,30 íã/ìë, ä³àïàçîíè çíà÷åíü Ð5 -
Ð95 – 10,7-18,4 òà 8,4-14,4 íã/ìë, ìåä³àíà – 14,5 òà
10,6 íã/ìë. Çà ñåðåäí³ìè âåëè÷èíàìè âì³ñò ÒÔÐ-β1
ïðè ã³ïåðïëàñòè÷íîìó òèï³ áóâ íà 93,4% âèùèì, à
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ïðè ã³ïîïëàñòè÷íîìó òà àòðîô³÷íîìó òèïàõ, íàâïà-
êè, íèæ÷èì íà 24,8 òà 64,5%, í³æ ïðè íîðìîïëàñ-
òè÷íîìó òèï³.

Âñòàíîâëåíî, ùî çà ð³âíåì ÒÔÐ-β1 ó ñèðî-
âàòö³ êðîâ³ õâîð³ ç íåéðîäèñòðîô³÷íèìè ñèíäðî-
ìîì â³ðîã³äíî íå â³äð³çíÿëèñÿ â³ä õâîðèõ áåç öüîãî
óñêëàäíåííÿ (ðèñ. 2). Îäíàê ñóòòºâ³ â³äì³ííîñò³
âèÿâèëèñÿ â ãðóïàõ õâîðèõ áåç ðåôàêòóð òà ç ðåô-
ðàêòóðàìè. Òàê, ó õâîðèõ áåç ðåôðàêòóð ñåðåäí³é
âì³ñò ÒÔÐ-β1 áóâ äîñòîâ³ðíî âèùèì íà 32,3%,
í³æ ó õâîðèõ ç ðåôðàêòóðàìè ³ ñòàíîâèâ 17,6±0,81
íã/ìë ïðîòè 13,3±0,76 íã/ìë.

Òàêèì ÷èíîì, ð³âåíü ÒÔÐ-β1 ñë³ä ðîçãëÿäàòè
ÿê îäèí ³ç â³ðîã³äíèõ ÷èííèê³â, ùî äåòåðì³íóþòü
ôîðìóâàííÿ â³òàëüíèõ àáî àâ³òàëüíèõ òèï³â õèá-
íèõ ñóãëîá³â íà ôîí³ ÃÃÖ, à òàêîæ ¿õ óñêëàäíåíü
ó âèãëÿä³ ðåôðàêòóð.

Âèñíîâêè
1.Ñåðåäí³ çíà÷åííÿ âì³ñòó ÒÔÐ-β1 ó õâîðèõ ³ç

ð³çíèìè êë³í³êî-ðåíòãåíîëîã³÷íèìè òèïàìè õèáíèõ
ñóãëîá³â íà ôîí³ ÃÃÖ äîñòîâ³ðíî â³äð³çíÿëèñÿ ì³æ
ñîáîþ ³ ïðè ã³ïåðïëàñòè÷íîìó òèï³ áóëè íà 93,4%
âèùèìè, à ïðè ã³ïîïëàñòè÷íîìó òà àòðîô³÷íîìó
òèïàõ, íàâïàêè, íà 24,8 òà 64,5% íèæ÷èìè, í³æ ïðè
íîðìîïëàñòè÷íîìó.

2.Ðîçâèòîê ðåôðàêòóð ó õâîðèõ ³ç õèáíèìè
ñóãëîáàìè íà ôîí³ ÃÃÖ àñîö³þâàâñÿ ç ï³äâèùåí-
íÿì âì³ñòó â ñèðîâàòö³ êðîâ³ ÒÔÐ-β1.

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü
Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü íàïðàâ-

ëåíí³ íà ç’ÿñóâàíí³ ðîë³ ã³ïåðãîìîöèñòå¿íåì³¿ â

ðîçâèòêó ïîðóøåíü ðåïàðàòèâíî¿ ðåãåíåðàö³¿
ê³ñòêîâî¿ òêàíèíè òà ðîçðîáêó ïàòîãåíåòè÷íî îá-
ãðóíòîâàíèõ ï³äõîä³â äî ïðîô³ëàêòèêè òà ë³êóâàí-
íÿ  ê³ñòêîâî¿ äèñðåãåíåðàö³¿, àñîö³éîâàíî¿ ç ñèíä-
ðîìîì ÃÃÖ.
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ÑÎÄÅÐÆÀÍÈÅ ÒÐÀÍÑÔÎÐÌÈÐÓÞÙÅÃÎ ÔÀÊÒÎÐÀ
ÐÎÑÒÀ Â1 Ó ÁÎËÜÍÛÕ Ñ ËÎÆÍÛÌÈ

ÑÓÑÒÀÂÀÌÈ ÄËÈÍÍÛÕ ÊÎÑÒÅÉ ÍÀ ÔÎÍÅ
ÃÈÏÅÐÃÎÌÎÖÈÑÒÅÈÍÅÌÈÈ

                                   Þ. À. Áåññìåðòíûé

Ðåçþìå. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâà-
íèÿ ñîäåðæàíèÿ òðàíñôîðìèðóþùåãî ôàêòîðà ðîñòà β1
(ÒÔÐ-β1) ó çäîðîâûõ, ó ëèö ñ êîíñîëèäèðîâàííûìè ïåðåëî-
ìàìè è ëîæíûìè ñóñòàâàìè äëèííûõ êîñòåé. Óñòàíîâëåíî, ÷òî
ó áîëüíûõ ñ íàðóøåíèåì ðåïàðàòèâíîé ðåãåíåðàöèè äëèí-
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íûõ êîñòåé íà ôîíå ãèïåðãîìîöèñòåèíåìèè óðîâåíü ÒÔÐ-β1
ñëåäóåò ðàññìàòðèâàòü êàê îäèí èç âåðîÿòíûõ ôàêòîðîâ,
äåòåðìèíèðóþùèõ ôîðìèðîâàíèå âèòàëüíûõ è àâèòàëüíûõ
òèïîâ ëîæíûõ ñóñòàâîâ è èõ îñëîæíåíèé â âèäå ðåôðàêòóð.

Êëþ÷åâûå ñëîâà: òðàíñôîðìèðóþùèé ôàêòîð ðîñòà
β1, ãèïåðãîìîöèñòåèíåìèÿ, ëîæíûé ñóñòàâ, ðåôðàêòóðà.
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CONTENT OF TRANSFORMING GROWTH FACTOR
Â1 IN PATIENTS WITH PSEUDOARTHROSIS OF

LONG BONES AGAINST A BACKGROUND
HYPERHOMOCYSTEINEMIA

Yu.A. Bessmertny

Objective. The objective of this study was to examine the
content of transforming growth factor β1 (TGF-β1) in patients
with pseudoarthrosis of long bones at hyperhomocysteinemia
(HHcy) and compare it with that of people with consolidated
fractures and practically healthy persons. Assessment of
cytokines depending on the availability of refracture and neu-
rotrophic syndrome.

Methods. The comparative study of the content of TGF-β1
was conducted in healthy persons, patients with consolidated
fractures and 153 patients with nonunion of long bones at
HHcy. The control group included 48 patients with diaphyseal
fractures consolidated at the femur and tibia, and 35 healthy in-

dividuals, representatives of age, gender, localization of damage.
Refracture and neurotrophic syndrome diagnosed in 24 (15.7%)
and in 43 (28.1%) individuals, respectively. The content of
TGF-β1 was determined by ELISA set «TGF-β1» (Biosource,
Europe SA) analyzer STAT FAX 303/PLUS.

Results. The mean values of TGF-β1 in patients with dif-
ferent clinical and radiographic pseudarthrosis types at HHcy
significantly differed among themselves. The level of cytokine in
hyperplastic type was 93.4% higher, while hypoplastic and atro-
phic types of contrast by 24.8 and 64.5% lower than
normoplastic. The development of refrakture in patients with
pseudarthrosis at HHcy associated with increased content of
serum TGF-β1.

Field of application. Traumatology and Orthopedics.
Conclusion. The level of TGF-β1 is regarded as one of the

possible factors that determine the formation of vital and avital
types of pseudarthrosis and complications of refracture in pa-
tients with violation of reparative osteogenesis at HHcy.

Keywords: transforming growth factor β1, hyperhomo-
cysteinemia, pseudarthrosis, refracture.
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